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Sudden collapse, sometimes followed by death, still occurs during the administration of quini- 
dine, in spite of selection of cases by criteria that are now widely accepted. Post-mortem examina- 
tions show in some cases an embolism in some vital organ, but in others no obvious cause of death 
can be found. The object of this investigation was to throw some light on the cause of death in 
these patients and to suggest possible remedies. 

Observations have been made on patients who collapsed while receiving quinidine and on the 
electrocardiogram of patients who, although receiving quinidine, showed no toxic effects from the 
drug: finally, a certain number of experiments were carried out on animals to supplement the 
observations on man. 


OBSERVATIONS ON MAN 


Among 115 patients treated with quinidine in the last six years at Guy’s Hospital for cardiac 
arrhythmias there have been one fatal and two severe reactions. 


Case 1. Mrs. O., aged 28, had a successful mitral valvotomy and was left with minimal aortic stenosis. 
Two years later she developed auricular fibrillation and after preliminary control by digoxin, which was then 
omitted for two days, she was given quinidine, 0-2 g. stat. and 0-2 g. two-hourly. After a total of 1-2 g. 
she reverted to sinus rhythm and the quinidine was stopped when she had taken a total of 1-4g. Half an 
hour later she became acutely distressed with signs of congestive cardiac failure. A cardiogram at this time 
(Fig. 1) showed bradycardia, with a shifting pacemaker. She died suddenly a few minutes later. Necropsy 
revealed no cause of death. 

Case 2. Mrs. P., aged 55, developed auricular fibrillation without apparent cause. This was controlled 
by digoxin, which was then omitted for one day. She was then given quinidine, 0-3 g. on the first day, 
0-6 g. on the second, | g. on the third and 1-3 g. on the fourth day. Immediately following the final dose 
on the fourth day the patient collapsed with dyspneeic and generalized convulsions. Two hours later she 
again collapsed; the pulse disappeared and the heart sounds were inaudible for three minutes. She was then 
given | ml. of 1 : 1000 adrenaline by intracardiac injection and the heart began to beat. A cardiogram 
taken a few minutes later showed sinus rhythm with prolongation of the P—R interval (0-22 sec.) and widen- 
ing of the QRS complexes (0-12 sec.). Her blood pressure was 80/40. Following methyl amphetamine 
10 mg. intramuscularly it rose to 90/66 and after a further 10 mg. of the same drug to 110/80. By next 
morning she had recovered. 

Case 3. Mrs. W., aged 25, had a successfu! mitral valvotomy. Following operation she was troubled 
by attacks of palpitation. She was admitted to Guy’s Hospital a year later and was found to have auricular 
flutter with varying A-V block. This was converted to auricular fibrillation by digoxin and 24 hours after 
stopping this drug she was given quinidine. She received 1-6 g. the first day and reverted to sinus rhythm. 
The following day, three hours after receiving a maintenance dose of 0-3 g. of quinidine, she developed a 
further sudden burst of auricular fibrillation followed by a fit. She was pulseless for nearly a minute, and 
then the heart started again in regular rhythm. A cardiogram taken a short time later showed sinus rhythm 
with bradycardia. She was given ephedrine for the next five days and there were no further attacks. 
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Fic. 1.—Electrocardiogram of Case 1 four minutes before 
death, showing a wandering pacemaker. 


The first problem to be decided in these patients is the mechanism underlying their collapse. 
The onset is sudden and unexpected and observations are therefore scanty and imperfect. Our 
own cases and others that have been reported suggest that the collapse is associated with weakening 
or disappearance of the pulse and sometimes of the heart sounds, fall in blood pressure, changes in 
the electrocardiograms, and sometimes depression of respiration. The cardiographic changes can 
be divided into two groups. In our three patients as well as in the case reported by Wilson (1926), 
the main alterations consisted of depression of the bundle and nodal tissue with probable cardiac 
arrest. The other abnormalities that have been reported in association with severe reactions are 
ventricular tachycardia or fibrillation (Kerr and Bender, 1922; Schwartz and Jerez, 1934; Jerez 
and Schwartz, 1935; Rakov, 1942; Bender and Rosove, 1952). With both these disorders of 
cardiac function there would be a drop in cardiac output with the attendant fall in blood pressure, 
and it is suggested that in these cases the acute collapse of circulation is primarily of cardiac origin. 

The depression of nodal and conducting tissue is quite compatible with the usually accepted 
pharmacological actions of quinidine. The development of ventricular arrhythmias, however, is very 
difficult to explain and is a problem awaiting further elucidation. In spite of experimental work 
(Kwit and Gold, 1935; and Gold, 1950) there is no clear evidence that the combination of quinidine 
and digitalis in normal doses predisposes to ventricular tachycardia or fibrillation. Of the seven 
reported patients in whom ventricular arrhythmia was associated with severe collapse, six were not 
digitalized and one had received no digitalis for some days. 


LESSER CARDIOGRAPHIC CHANGES 


In the present series of 115 cases only five further abnormalities have been noted in the electro- 
cardiogram. These all occurred without any symptoms of collapse. 
Case 4. A man, aged 43, with lone auricular fibrillation. After 1-2 g. of quinidine he reverted to sinus 


rhythm. He then had a small testicular embolism and at this time a cardiogram showed periods of sino- 
auricular block; within twenty-four hours this had disappeared. 
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Case 5. A man, aged 40, with mitral stenosis and auricular fibrillation. Following a successful mitral 
valvotomy, his digoxin was omitted for one day and he was given 2 g. of quinidine in twenty-four hours. 
He then reverted to sinus rhythm and a cardiogram taken at that time showed prolongation of the P-R 
interval to 0-22 sec.; it returned to normal when the quinidine was omitted. 

Cases 6 and 7. Both these patients, aged 31 and 34 respectively, had had successful mitral valvotomies 
but were left with auricular fibrillation. Their digitalis was omitted for forty-eight hours and they were 
then started on quinidine. After receiving 1-3 g. over six hours they developed some widening of QRS com- 
plexes which was particularly marked during a rapid run of ventricular contractions. It disappeared when 
the quinidine was omitted. 

Case 8. A woman, aged 33, had had a successful mitral valvotomy but was left with auricular fibrilla- 
tion. Her digitalis was omitted for twenty-four hours and she was given quinidine. After 1-3 g. on the 
first day she developed ventricular extrasystoles. On the second day she reverted to sinus rhythm after a 
further 0-75 g. The quinidine was then stopped but an hour later she developed coupled beats due to 
ventricular extrasystoles. These disappeared after a further two hours. 


There have been many reports of more minor electrocardiographic changes occurring after 
quinidine. These are summarized in Table I. It can be seen that the commonest change is 
depression of various parts of the heart, usually nodal or conducting tissue. These changes are 
similar to those seen in our own cases and are in accord with the generally accepted actions 
of quinidine. There are also a number of reports of ventricular extrasystoles and tachycardia 


TABLE I 
ELECTROCARDIOGRAPHIC CHANGES IN NON-FATAL CASES 
n — < < < | < a < > > 
Hewlett and Sweeney, 1921 .. + + 
Clarke-Kennedy, 1922 
Lewis et al., 1922 + 
Levy, 1922 ake + + 
Korns, 1923... + + 
Wolff and White, 1928 
Campbell, 1932 + 
Campbell and Gordon, 1936.. + 
Hall, 1936... | + 
Rosenbaum and Levine, 1939 + 
Barker etal, 1943... + 
\rmbrust and Levine, 1950 .. 
'.almansohn & Sampson, 1950 + + 
Sokolow and Edgar, 1950... + 
Varfvinge, 1950 + 


nnegan and Trounce, 1954 + + + + 
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unassociated with collapse; an example of this type of change being found in Case 8. These again 
are similar to the more severe ventricular arrhythmias and again their underlying cause is difficult to 
explain, although examination of the cardiograms of certain reported cases suggests that some are 
in fact auricular flutter with a functional bundle branch block, rather than a true ventricular 
paroxysmal tachycardia. 


OBSERVATIONS ON ANIMALS 


The effects of quinidine on the heart of animals are similar to those found in man. There may 
be either depression of the sinu-auricular node and of the conducting mechanism sometimes leading 
to cardiac arrest (Lewis et al., 1921; Korns, 1923) or death may occur from ventricular fibrillation 
(Cohn and Levy, 1921; Korns, 1923). These findings have again been briefly investigated and the 
results are given below. 

Methods. Mature rabbits were used throughout. Two methods of investigation were used. In the 
first series of experiments the isolated rabbit’s heart was perfused with Ringer’s solution at 28° C. and the 
gross contraction of auricle and ventricle were recorded. In the second series, the rabbits were anesthetized 
with ether; the electrocardiogram was recorded on a Cardioscript II, direct-writing machine, and needle 
electrodes were used; it was not standardized but the gain was adjusted until tracings of a suitable amplitude 
were produced and was then not altered until the end of the experiment. In all animal experiments a paper 
speed of 50 mm. per sec. (twice normal) was used. Quinidine, as the sulphate, was given intravenously. 

Results. (a) In vitro. The effects of toxic doses of quinidine on the isolated heart are well 
known. There is diminished contraction of both auricle and ventricle with an increasing degree 
of A-V block until finally contractions cease altogether. 

(b) Invivo. Fig. 2 shows the effect on the cardiogram of 10 mg. per kilo of quinidine sulphate 
intravenously. This is the typical response to a fatal dose of quinidine. There is bradycardia with 
gross deformity of the QRS complexes; the P waves have disappeared; sometimes there are short 


Ai 


Fic. 2.—Electrocardiogram of a rabbit, lead II (paper speed 50 mm. 
per sec. (A) One and a half minutes and (B) three minutes after 
quinidine sulphate 27 mg. intravenously. 


runs of apparent ventricular fibrillation. At the same time there is usually profound depression 
of respiration. 

If a non-fatal dose of quinidine is given, the first abnormality that appears is usually a bundle 
branch block. This may disappear after a few minutes or, if the dose of quinidine is sufficient, it 
may proceed to partial A-V block. This usually passes off in about five to thirty minutes, first the 
A-V and finally the bundle branch block disappearing. 

Our observations therefore confirm previous experimental findings and show that the effects of 
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quinidine in animals are very similar to those found in man. There is diminution of the amplitude 
of cardiac contraction with depression of the nodal and conducting tissue. In animals as well as in 
man, ventricular fibrillation may sometimes be produced. 

It may be argued that doses which were relatively very much larger than those usually used 
in man were required to produce these changes; however, even excluding the possible difference in 
sensitivity of different species, most of the toxic effects observed in man occurred in hearts that 
were already damaged and there is good evidence that in man at least the cardiographic changes 
are more common and more marked in diseased than in normal hearts (Ferrer et a/., 1948). 


REVIVAL OF THE HEART DEPRESSED BY QUINIDINE 


In patients who die while receiving quinidine there is often a short period of collapse before 
death occurs. If suitable treatment could be given in this period the patient’s life might be saved. 
The first part of this paper suggests that the collapse is due either to cardiac depression with later 
arrest or to ventricular fibrillation. 

Using the experimental animal, the various methods of reviving the heart depressed by quinidine 
are now considered. The treatment of ventricular fibrillation has not been included. 

The in vitro and in vivo methods were the same as those already used in investigating the effect 
of quinidine on the heart. 


(1) Adrenaline and Noradrenaline. An antagonism between quinidine and adrenaline has 


previously been noted by Mancini and Graubner (1940). In Fig. 3 and 4 the effect of adrenaline 
hydrochloride and noradrenaline on the isolated heart, depressed by continuous perfusion with 


Aur. 


Vent. 

Fic. 3.—Record of the contraction of the Fic. 4.—Record of the contraction of the rabbit’s auricle 
auricle and ventricle of the isolated rabbit and ventricle perfused with Ringer (drum speed 0:296mm. 
heart (drum speed 0-296 mm. per sec.) per- per sec.). (A) represents the start of perfusion with 
fused with Ringer and 1 in 10,000 quini- 1 in 10,000 quinidine and (B) the addition of 0-2 mg. 
dine sulphate. (A) represents the addition of noradrenaline. 


of 0-2 mg. of adrenaline. 
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1 : 10,000 quinidine, is shown. It can be seen with both drugs that there is restoration of rate and 
amplitude of contraction of both auricle and ventricle. 

In the intact animal, however, it is by no means so easy to decide whether a drug modified the 
depressing effect of quinidine on the heart, as the effect of quinidine itself is so variable both in 
severity and duration. It was found, however, that following a suitable dose of quinidine, adrena- 
line intravenously would temporarily reverse the toxic action of the quinidine. When the relatively 
short-lived action of the adrenaline passed off, the toxic effect of the quinidine reappeared and 
could again be modified by a further dose of adrenaline. This is illustrated in Fig. 5 where the 
partial recovery with adrenaline followed by relapse and then recovery again is well shown. 


Bui 


Fic. 5.—Electrocardiogram of a rabbit, lead II (paper speed 50 mm. 
per sec.). (A) Before any drug has been given. (B) Two 
minutes after 25 mg. of quinidine sulphate intravenously, show- 
ing development of bundle branch block (C) Six minutes after 
quinidine showing 2:1 A-V block. (D) Eight minutes after 
quinidine, half a minute after adrenaline 0-1 mg. intravenoulsy. 
The A-V block disappears, but the bundle branch block be- 
comes more pronounced, probably owing to the greater rate of 
ventricular stimulation. (E) Eleven minutes after quinidine, 
three minutes after adrenalinc. Heart relapses to an alter- 
nating 2:1 and 1:1 ventricular response. (F) Fifteen 
minutes after quinidine, half a minute after a further 0-1 mg. 
of adrenaline intravenously. The heart returns to a 1: 1 
ventricular response. (G) Thirty minutes of quinidine, one 
minute after a further 0-05 mg. of adrenaline intravenously. 
The bundle branch block finally disappears. 


A similar result was obtained on one occasion with noradrenaline. These effects could not 
always be produced and a summary of the results is given in Table II. The results suggest that 
noradrenaline is less powerful than adrenaline but are too few in number to come to any definite 
conclusion. The more powerful action of adrenaline on the heart would be in keeping with the 
previous report of West (1947). It was also found that the restorative action of adrenaline and 
noradrenaline was limited to those hearts showing bradycardia with varying forms of A-V block; 
it was never possible to restore the heart if complete arrest had occurred. 

(2) Phenylephrine. Phenylephrine has been reported as antagonizing the action of quinidine 
(Mancini and Grauber, 1940). It was not possible to show any effect either in vivo or in vitro on 
the rabbit heart depressed by quinidine. 

(3) Caffeine. Caffeine was suggested long ago as an antidote for the toxic effects of quinidine. 
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TABLE Il 
RESPONSE TO ADRENALINE AND NORADRENALINE OF THE HEART IN THE INTACT ANIMAL DEPRESSED BY 
QUINIDINE 
Type of To 
response adrenaline {noradrenaline 
Stimulation* ai | 3 1 
Possible | 
stimulationt | 2 5 
No effect | 4 3 


* Stimulation= Recovery with stimulating drug within two minutes, followed by relapse and further recovery with 
a second dose of the drug. 

+ Possible stimulation=Recovery with stimulating drug within two minutes, but no further relapse. In this 
group it is impossible to exclude spontaneous recovery. 

t No effect=No change in the electrocardiogram within two minutes of giving the stimulating drug. 


Gordon et al. (1925) reported that in cats caffeine was effective in relieving cardiac depression, 
provided artificial respiration was used to deal with the concomitant respiratory depression. 

In the isolated perfused heart caffeine appeared on one occasion to have some slight restorative 
effect. The result, however, could not be repeated. Jn vivo it was not possible to show any 
stimulating effect on the heart depressed by quinidine. Caffeine was certainly not as effective as 
adrenaline. 

(4) Ephedrine. Ephedrine should theoretically have some reviving effect on the heart depressed 
by quinidine. The effect on the isolated perfused rabbit heart depressed by quinidine was variable; 
sometimes there was no appreciable effect, at others, slight further depression. It is well known 
that cardiac depression with ephedrine can occur (Chen and Schmidt, 1930) and that the cardiac 
stimulating effect is less than that of adrenaline (Starr et a/., 1937). 

Ephedrine did not seem, therefore, to be such a suitable drug as adrenaline for reviving the 
heart depressed by quinidine and this was in fact confirmed by its failure to have any action in vivo. 


(5) Acetyl choline.. Briscoe and Burn (1954) reported that if the contractions of the isolated rabbit 
auricle were arrested by quinidine, the addition of acetyl choline would cause a resumption of spontaneous 
activity. The concentration of acetyl choline required varied widely; the mean concentration in nine experi- 
ments was 1:2 10-5 g./ml. Further, if the rate and amplitude of contraction were diminished by quinidine 
the addition of acetyl choline would be followed by a brief slowing and then an increase in both amplitude 
and rate of contraction. A further addition of acetyl choline was followed by inhibition and arrest of 
contraction. 

Acetyl choline was, therefore, investigated by us to see whether it might be useful clinically in reviving 
the heart depressed by quinidine. In the isolated perfused heart the results are rather variable. They are 
summarized in Table III. It can be seen that the addition of 10-0 wg. and 1-0 yg. of acetyl choline will some- 
times produce a transient stimulation of the depressed heart, particularly of the auricular muscle; such a 
response is shown in Fig. 6. In no experiment in which the heart responded to acetyl choline did the 
subsequent addition of adrenaline produce a smaller response than that due to acetyl choline and usually 
it was much greater: neither was it possible to revive a heart with acetyl choline when it had failed to respond 
to adrenaline. 

In the intact animal, the actions of acetyl choline again suggest it may not be suitable for reviving the 
heart depressed by quinidine. Fig. 7 shows the cardiogram of a rabbit half a minute after receiving 1-0 mg. 
of acetyl choline intravenously. It can be seen that there is slowing of the auricular rate with partial 
A-V block and, at the same time, increased excitability of the auricle with short runs of auricular fibrillation. 
Acetyl choline 0-5 mg. intravenously produced cardiac slowing with occasional auricular extra systoles and 
0-1 and 0-01 mg. intravenously produced only cardiac slowing. It can be seen therefore that in the rabbit 
although acetyl choline appears to increase the excitability of the auricular muscle, it depresses the S-A 
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Fic. 6.—Record of the contraction of the 
isolated rabbit heart continuously per- 
fused by Ringer and | : 10,000 quinidine 
(drum speed 0-583 mm. per sec.). (A) 
represents the addition of 10 wg. of 
acetyl choline to the perfusing fluid. 


node and sometimes the bundle of His, over a wide range of 
dosage, though this particular action might be in part blocked by 
the quinidine (Starr, 1936). In dogs and man acetyl choline 
may also produce cardiac arrest (Ajmone-Marsan and Fuortes, 
1949; Phillips, et a/., 1952). It would not be unreasonable to 
suppose that in the heart already depressed by quinidine, where 
the main effect is on the bundle and nodal tissue, the addition 
of acetyl choline would certainly not stimulate and might well 
further depress these important structures. 

When acetyl choline was in fact given to the intact animal 
with severe cardiac depression from quinidine, it had no apparent 
effect as recorded on the cardiogram. When the depression was 
not so severe there was some further slowing of the heart but 
usually no other change. One one occasions, however, the 
cardiac slowing was associated with decrease in the degree of the 
bundle branch block. This may well have been due to the lower 
rate of stimulation of the ventricle rather than to any direct 
action of acetyl choline on the bundle of His. 

The other main difficulty in using acetyl choline to revive a 
heart depressed by quinidine is that both our observations and 
those of Briscoe and Burn (1954) suggest that the dose is critical 
and overdosage may well stop the heart if this has not already 
occurred. There are so many factors that effect the concen- 
tration of the drug reaching the heart that even in the experimental 
animal the exact concentration of the drug achieved is very 
difficult to determine. This becomes an even more difficult 
problem when its clinical application is considered. 

In conclusion it may be said that among the substances 
studied in the experimental animal, there is no doubt that 
adrenaline and noradrenaline are the most powerful and consis- 
tent drugs for reviving the heart depressed by quinidine. 
Caffeine has a milder action and there appears to be no serious 
objection to its use. With acetyl choline the response is un- 


predictable and the difficulties of its practical application would preclude its use at present. The actions 
of ephedrine and phenylephrine appear to be too weak and variable to be of much use. 


TABLE Ili 


ACTION OF ACETYL CHOLINE ON THE ISOLATED RABBIT’S HEART DEPRESSED BY CONSTANT PERFUSION WITH 


QUINIDINE | : 10,000 


Dose of acetyl choline | Number of Number showing 


added to perfusing fluid experiments stimulation 
0-1 pg. | 1 0 
1-0 pg. 4 2 
10 pg. 6 3 
100 yg. 2 0 


In every experiment the subsequent addition of adrenaline 0-1 mg. would produce a similar or greater increase in 


amplitude of contraction. 
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Fic. 7.—Electrocardiogram of a rabbit (paper speed 50 mm. per sec.). 
Half a minute after receiving 1 mg. of acetyl choline intravenously 
showing bradycardia, 2 : 1 heart block, and a short run of auri- 
cular fibrillation. 


REVIVAL OF THE HEART IN MAN 


From the foregoing experimental work there would appear to be good reason to believe that 
adrenaline would be useful in the clinical field, in restoring the heart depressed by quinidine. 
Adrenaline is at present to be preferred to noradrenaline because there is more definite experi- 
mental evidence of its effectiveness in vivo and because it has been used on one occasion with 
success, whereas there is, as yet, no report of noradrenaline being used in such a case. It might 
well have a use, however, in the concomitant fall in blood pressure if this was prolonged after the 
restoration of the heart beat, although in our case methyl amphetamine proved satisfactory and its 
administration is easier to control. 

It has recently been suggested that adrenaline should not be used in cardiac arrest owing to the 
risk of producing ventricular fibrillation (Ehrenhaft et a/., 1951; McMillan ef a/., 1952). A com- 
pletely different view was taken by Bjork (1953) who found that adrenaline restored the heart in 
four cases of cardiac arrest occurring in various forms of thoracic operation and, moreover, he 
gave up to 10 ml. of | : 1000 adrenaline into the heart. These conflicting results may be due to 
the fact that whereas in Ehrenhaft’s and McMillan’s cases the cardiac arrest was in no way con- 
nected with quinidine or quinidine-like drugs, three out of four of Bjork’s cases had received various 
local anesthetics. It might well be that the cardiac arrest in these cases was connected with these 
drugs, some of which have similar cardiac actions to those of quinidine (Dawes, 1946, personal 
observation). 

The foregoing clinical and experimental work suggests that in the absence of evidence of 
embolism, the most usual cause of collapse is either cardiac depression and arrest, or ventricular 
fibrillation. It is necessary from the therapeutic point of view to decide which of these cardiac 
abnormalities is present as the injection of adrenaline into a patient with ventricular fibrillation 
might well encourage rather than relieve the abnormality. It is, therefore, important that, where- 
ever possible, any patient receiving quinidine should be under frequent observation with the electro- 
cardiogram. 

It is generally agreed that cardiac massage is the most important part of the treatment of cardiac 
arrest from any cause. Unfortunately, cardiac standstill following quinidine usually occurs in the 
medical wards where such measures may not be practical. Intracardiac adrenaline appears, there- 
fore, to be the only possible treatment in most of these cases and on experimental and extremely 
limited clinical grounds would appear worthy of trial. 
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SUMMARY AND CONCLUSIONS 


The main effect of quinidine on the heart is either depression, sometimes with complete arrest, 
or ventricular fibrillation. 

Three cases of collapse, one fatal, are reported following the administration of quinidine. The 
available evidence suggests that in the absence of embolism such collapse is associated with changes 
in the electrocardiogram, fall in blood pressure, and sometimes depression of respiration. 

More minor changes of a similar but less severe nature may be found in the cardiograms of 
patients undergoing treatment with quinidine. 

Changes similar to those found in man can be produced by giving quinidine to the experimental 
animal (rabbit). The heart which has been depressed by quinidine can be revived most easily by 
adrenaline. This can be shown in both the isolated perfused heart and in the intact animal. 

The treatment of cardiac arrest in man following quinidine is discussed. 


We would like to thank Dr. Charles Baker and Dr. Maurice Campbell for permission to study patients under 
their care and Professor Robson for his advice and encouragement. We would also like to acknowledge a grant 
from the Endowment Fund, Guy’s Hospital, for the purchase of an electrocardiograph. 
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A method of three-dimensional vectorcardiography will be described. It appears to yield much 
of the information supplied by the cathode-ray vectorcardiograph, without being as cumbersome 
and costly. It uses scalar leads, but is free of those inaccuracies (Graybiel and White, 1952) of 
Grant and Estes’ (1951) method, which are caused by asynchronous recording of leads and by the 
proximity of electrodes to the heart. 


METHOD OF RECORDING 


An Elmquvist Junior electrocardiograph with two galvanometers and a second amplifier was 
used. Calibration was either one and a half times or twice the usual (1 mV=1 cm.) paper speed 
approximately 5cm. persec. A ‘* cube”’ reference system was used, with a modification (Grishman 
et al, 1951) of Duchosal and Sulzer’s (1949) lead placement and, except that the polarity of the 
sagittal lead was reversed for sagittal plane recording, with the lead connections advocated by 
Shillingford and Brigden (1951). 

Leads were called X (transverse), Y (caudo-cranial), and Z (postero-anterior). Y and X were 
recorded synchronously to determine frontal, Z and X coronal, Y and Z sagittal plane vectors. 
The frontal plane was “‘ viewed’ from the front, the coronal from below, the sagittal from the 
left. Thus ** viewed ”’ in each plane the first-named lead appeared as the “* vertical,” the second as 
the horizontal component lead (Fig. 1A, B and Fig. 2: corner insets). ‘* Vertical leads appeared 
in the upper, ** horizontal ” leads in the lower tracing of each cardiograph. In the main paper the 
orientation of vectors was stated in terms of the Einthoven convention (as viewed by the observer 
0° right, 90° bottom, 180° left, —90° top of the page; quadrants numbered counterclockwise, 
commencing with the 0° to 90° quadrant). In the appendix, to facilitate mathematical treat- 
ment, the notation traditional in physics was used (90° top, —90° bottom; quadrants clockwise 
numbered, commencing with what would be the fourth quadrant of the former notation). 

Lead-pair records in three planes were obtained from each of 100 subjects without, and 147 
subjects with clinical and/or electrocardiographic evidence of heart disease. 


CONSTRUCTION OF THE FRONTAL, CORONAL, AND SAGITTAL PLANE PROJECTIONS OF SPATIAL 
INSTANTANEOUS VECTORS 


Frontal plane. The heart’s electromotive force, having direction as well as magnitude, is a vector 
quantity and can be described by a directed line called the spatial instantaneous vector. Its frontal plane 
Projection is the frontal plane instantaneous vector Ef. At a given instant, y and x, the potential differences 
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A i 


ECG! 


Fic. 1.—(A) Caudo-cranial lead Y, transverse lead X, and frontal 
plane instantaneous vector Ef; y and x, the synchronous poten- 
tial differences in the two leads, are ‘** vertical ’’ and ‘ hori- 
zontal’? components of Ef. (B) Postero-anterior lead Z is 
the ** vertical ’’; X the ** horizontal ’’ lead in the coronal; Y the 
** vertical ’’ Z the ** horizontal ”’ lead in the sagittal plane. 

Summation y+x=Ef: (C) By electronic vectorcardiograph. 
(D) By setting x off from end of y and joining free onset to 
free end. (E) On scalar ECG strip: y and x at 0-04 sec., 
recorded as vertical deflections. (F) Clockwise tilted lower 
lead component x (dotted line) set off from end of synchro- 
nous upper lead component; Ef joins free onset to free end. 
Time marks 1/10 and 1/50 sec. 


along leads Y and X are vertical and horizontal components of Ef (Fig. 1A). Therefore, if y and x 
are known, Ef can be determined. Determining a resultant vector from its components is known as the 
summation of components. According to the ‘* parallelogram law ”’ the sum is the diagonal of a parallelo- 
gram of which the components are sides. The cathode-ray vectorcardiograph performs the summation, 
according to this law, of components supplied by two cardiograph channels. In contrast to the conventional 
electrocardiograph, which records vertical movement alone, the beam of the cathode-ray vectorcardiograph 
will also travel horizontally or obliquely. If one of its channels gave a vertical deflection y, and the other a 
horizontal deflection x, the two channels together applied would produce a deflection corresponding to Ef, 
the parallelogram diagonal (Fig. 1C). 

If leads Y and X are simultaneously recorded with a two-channel conventional electrocardiograph, 
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beam or (string) excursions at a given instant will equal y and x in magnitude, but not in direction. As 
vertical movement alone is possible, the horizontal x (lower lead) component will also appear vertically 
orientated (Fig. 1E). It must therefore be tilted by 90°. With the present lead connections the tilt must be 
clockwise (Fig. 1F). Summation of y and of clockwise tilted x will then give Ef. The components x and y 
must be taken from synchronous points of the two tracings. 

A simplified method of vector summation, commonly used in vector algebra (Henrici and Turner, 1903; 
Rutherford, 1951) was found more convenient for the present purpose than parallelogram construction, 
although in essence identical with the latter (cf. Fig. 1C and D). Expressed in the terms here used, if x is 
set off from the distal end of y, Ef is the straight line directed from free onset to free end (Fig. 1D). Three ways 
of using this principle in the construction of cardiac instantaneous vectors are offered in the following. 

(1) Drawing on the cardiogram strip, or visually with the aid of the coordinate system formed by the 
time and voltage lines, the clockwise tilted lower lead deflection x is transferred to the distal end of y. Ef 
is the straight line connecting free onset with free end (Fig. 1E, F). 

(2) Main Fig. 2 shows a “ biaxial’? modification of Wenkebach and Winterberg’s (1927) triaxial diagram 
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Fic. 2.—Biaxial chart, for the summation of vectors enclosing a right angle (after Wenkebach and Winterberg). 
UL axis of upper, LL of lower lead of a lead-pair. Positive half of axes corresponds to upward, negative half to 
downward component lead deflection; grading of axes to electrocardiographic amplitude in mm. Right upper 

inset: 4 quadrants and 12 sectors of reference system. Remaining three insets: topography of up- or down- 

ward component lead deflections in three planes. 
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for the estimation of frontal plane vectors from standard leads. In Fig. 1E at 0-04 sec., y is —6, x is 14 mm. 
To determine Ef at 0-04 sec., —6 is found on the vertical axis of the diagram. The terminus of Ef is 14 
units to the right of this point. It lies on the fifteenth of the concentric circles; the length of Ef is there- 
fore 15 mm. _ Its direction read at the border of the figure is 22-5°. 


(3) For approximate determination of direction, without magnitude, the quadrant containing Ef can be 
determined. The quadrant in question is that enclosed by the upper and the clockwise tilted lower lead 
component. Thus in Fig. 4B in each of 6 frontal plane lead pairs, y at the instant corresponding to the 
tallest peak, points towards 90°; clockwise tilted x, points towards 0°; the two enclose the first quadrant. 
To define orientation of Ef further, each quadrant can then be divided into three 30° *‘ sectors ’’ (Holzmann, 
1945; Graettinger ef. al., 1951; Lepeschkin, 1951) and for the present purpose sectors within each quadrant 
were lettered a, b, c, in clockwise order (Fig. 2, right upper inset). 

In any quadrant, if the ratio of component y to component x is 6/10 or roughly 2/3, Ef diverges from 
the X axis, if it is 10/6 from the Y axis, by 30°. This may be confirmed from main Fig. 2. Thus if the 
difference between the two components is less than 1/3, Ef is in sector b (Fig. 4B, third and fourth 
records); if greater than 1/3, Ef is in the sector adjoining the axis of the lead with the taller component. In 
the first two records of Fig. 4B Ef is in sector a, adjoining the X axis; in the last two records Ef is in 
sector c, adjoining the Y axis. 

Frontal and Sagittal Planes. Replacing leads Y and X by Z and X, or Y and Z (Fig. 1B), the coronal 
and sagittal plane projections of the spatial vector may be similarly determined by any of the methods 
described. 


CONSTRUCTION OF THE VECTOR Loop 


From the Component Lead Record. ‘** Monocardiogram’’ (Mann, 1920), “* vector loop ’’ (Schellong 
et. al., 1937) and ** vectorcardiogram ”’ (Wilson ef al., 1938) are synonyms denoting a curve that connects 
the ends of consecutive vectors within a cardiac cycle. Visualization of a few consecutive vectors will convey 
the orientation of a vector loop and suggest its approximate shape (Fig. 6). If several vectors are drawn, 
it is preferable that they shall commence from a common point of origin. If tilted lower lead components 
are set off, not from the distal ends of synchronous upper lead components, but at the level of the end-points 
from an arbitrarily chosen common vertical line, vectors will commence from the crossing of this line with 
the upper lead isoelectric line. 

From the Enlarged Component Lead Image. The loops in Fig. 5 and 6 were obtained with a drawing 
instrument (Fischmann, 1953), using photographically fourfold enlarged lead-pairs, mechanical translation 
of vertical shift into drawing board movement, of horizontal shift into movement of a marking point; anda 
scanning table larger than, but in principle similar to, that of Shillingford and Brigden (1951). The drawing 
instrument was used only to check the results of the visual method. 


FEATURES OF THE LOOP OBVIOUS FROM COMPONENT LEADS, WITHOUT GEOMETRIC 
CONSTRUCTION OF THE LOOP 


Descriptive criteria in common use are orientation of the QRS loop; its width; orientation of 
** initial and “terminal ”’’ vectors; direction of loop inscription; speed of inscription; minor 
irregularities of contour; failure of QRS loop to close; T loop orientation. Inspection of a com- 
ponent lead pair often reveals these eight criteria, without construction of single vectors, directly 
as does the electronic vectorcardiogram. This was suggested by a threefold approach: (1) geo- 
metric construction of lead-pair patterns from fictitious loops (summed up in Fig. 3); (2) plotting 
vector loops from the magnified lead-pair image with a drawing instrument (Fig. 5 and 6); (3) 
mathematical demonstration (Appendix). 

Orientation of QRS Loop. Component lead QRS is called monophasic if the amplitude of smaller waves 
does not exceed one-half that of the main deflection, and diphasic if one other wave exceeds one-half that of 
the main deflection. 

Records were made of 741 lead-pairs. In 347 lead-pairs one lead showed a mono-, the other a di-phasic 
QRS complex. Loops corresponding to such lead-pairs are “* axial,’ pointed at one of the four poles of 
the biaxial reference system (Fig. 3). The instantaneous vector corresponding to the peak of the mono- 
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+90° 


Fic. 3.—Lead-pair pattern and loop orientation. Lead-pairs as recorded 
by two-channel ECG, drawn outside circle; after 90° clockwise tilt of 
lower lead drawn inside circle. Loops parallel to one of the two refer- 
ence axes correspond to one monophasic and one diphasic, loops 
diverging from both axes to two monophasic, deflections. In axial 
loops, width across axis coincides with amplitude of diphasic, length 
along axis with that of monophasic deflection. 


phasic deflection indicates loop orientation (Fig. 4A, C). Where the monophasic peak is synchronous 
with the isoelectric point between the two deflections of the other lead, orientation is closely along a reference 
axis. The loop tends to deviate from the reference axis with increasing deviation between monophasic 
peak and isoelectric point. 

There were 316 lead-pairs showing a monophasic QRS complex in each of the two component leads. 
Loops corresponding to such lead-pairs are ** non-axial,’’ lying in one of the four quadrants of the biaxial 
reference system (Fig. 3). If the two monophasic peaks are synchronous or near-synchronous (Fig. 4B), 
the two peak vectors coincide, and correspond closely to the longest vector of the QRS loop. The direction 
of the peak vectors indicates orientation of the loop. 

As discussed hereafter, lead-pairs with two monophasic deflections showing asynchronous peaks, cor- 
respond to wide loops. Most of the instantaneous vectors of a wide loop deviate from its longest vector. 
{n such loops, especially if they are asymmetrical, the long axis is not a satisfactory indicator of orientation. 
Visualization of the vectors corresponding to both peaks conveys a clearer impression of loop orientation 
(Fig. 6). 
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In the two preceding groups 78 lead-pairs could not be included, as they showed diphasic QRS in both 
leads, or triphasic QRS in at least one lead, or more complicated patterns. Construction or visualization 
of several vectors allows reconstruction of such loops. Direct prediction without vector construction is 
possible from some of these rarer lead-pair patterns, and will be discussed elsewhere. 


Fic. 4.—Time marks 1/10 and 1/50 sec. (A) Coronal plane lead-pairs of 6 normal subjects. One mono- 
and one diphasic QRS complex: ‘* axial ’’ QRS loops. Instantaneous vector corresponding to peak 
of monophasic deflection, plotted in records, indicates loop orientation. Wave succession qx, 180°; R=, 
—90°; Rx, 0°; S-, 90°: clockwise inscription. Initial vectors, anteriorly (early part of R-), and in 
varying degree to right (qx). (B) Frontal plane lead-pairs of 6 normal subjects. Monophasic QRS 
complexes in both leads: ** non-axial ** QRS loop. Deflection peaks synchronous or near-synchronous: 
narrow loops. Loop orientation indicated by instantaneous vector corresponding to tallest peak 
(plotted in record). Initial vectors right (qx) and, in all but first and fourth records, also upward (ry). 
(C) Sagittal plane lead-pairs of 6 normal subjects. One mono- and one diphasic QRS complex: 
** axial’? QRS loops. Instantaneous vector corresponding to monophasic peak, plotted in each 
record, indicates orientation. Wave succession Q-, 180°; Sy, 90°; Rz, 0°: counterclockwise inscribed 
loops. Width of loops in (A) and (C) increases with relative amplitude of diphasic deflections. 


Width of QRS Loop. In clinical vectorcardiography it is customary to describe loops as wide or narrow 
without precise quantitative meaning. Width and also peak synchronism or asynchronism will be treated 
in this general, non-quantitative manner in the present study. 

An approximate estimate of the width of ** axial *’ loops (one mono- and diphasic lead) is obtained from 
recorded leads by comparing the monophasic lead amplitude with the amplitude of the diphasic lead. The 
loops in Fig. 5, corresponding to Fig. 4A and C, increase in width with increasing relative amplitude of the 
diphasic lead. Fig. 3 shows schematically that the length of a fictitious, strictly axial loop is equal to the 
amplitude of the monophasic component lead deflection; its width to the total amplitude of the diphasic 
deflection. 

** Non-axial ’’ loops (two monophasic leads), if narrow, correspond to lead-pairs where the peaks of the 
two leads are synchronous, or nearly synchronous (Fig. 4B); if wider, to lead-pairs with asynchronous 
monophasic peaks (Fig. 6). It can be shown mathematically (see Appendix) that the width of a vector loop 
increases with increasing asynchronism of peaks. 

Initial and Terminal Vectors of QRS Loop. Small initial q, r, and terminal r, or s component lead waves 
have so far not been considered. Inspection of these waves, keeping in mind the direction they represent, 
will reveal the direction of the initial and terminal QRS vectors. The third lead-pair of Fig. 4B shows a 
small r in lead Y, and a larger q in lead X: the initial vectors point to the right and slightly headward (Fig. 2, 
insets). 
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Fic. 5.—QRS loops corresponding to lead-pairs in Fig. 4; plotted with drawing instrument. 


Speed of Loop Inscription. The instantaneous amplitude of a scalar cardiographic deflection depends on 
the magnitude of the instantaneous vector, and on the angle enclosed by the vector and the axis of the lead. 
In the course of vector rotation cardiographic amplitude increases to a point where axis and vector are parallel, 
indicated by the peak of the cardiograph deflection. Thereafter, with increasing divergence between axis 
and vector, amplitude decreases again. If the speed of vector rotation is constant, the scalar deflection will 
show gradual increase and decrease of amplitude. Transient slowing of vector rotation reduces the rate 
at which the amplitude of cardiographic curves changes from instant to instant. Thus in the first record of 
Fig. 6, synchronous rounding of Sz and R,, indicates slowing of loop inscription. 

Direction of QRS Loop Inscription. Vectors at several subsequent instants of the cardiac cycle indicate 
whether the loop was inscribed clockwise or counterclockwise. This information can be obtained by 
noting the succession in time of component lead peaks, keeping in mind the direction represented by each 
peak. In all records of Fig. 4A, the peak of Q, is the first to appear. Rz, is next, followed by Rx, then S- 
and in some records S, in that order. After rotating lead X clockwise by 90°, Q, points to 180°, Rz to —90°, 
R, to 0° and S, to 180°. A succession of 180, —90, 0, 90 and 180 degrees indicates clockwise rotation. In 
the third record of Fig. 6 wave succession is Q- 180°, Q, 90°, Rz 0°, Ry —90°, indicating counterclockwise 
rotation. This approach is applicable in the majority of lead-pair records. Where QRS is a single wave 
without initial and terminal (q or s) deflection, the 0-02, 0-03, 0-04, sec. or other consecutive time vectors, 
will give the direction of loop inscription (Fig. 6, first record). 

Minor Irregularities of QRS Loop Contour. These are indicated by notching or splintering of the com- 
ponent lead curve. By visualizing an instantaneous vector which is synchronous with the notched part of 
the component lead curve, the irregular section of the loop can be identified. 

Open QRS Loop. Instantaneous vectors of a cardiac cycle have a common point of origin. Inscription 
of the QRS loop commences at that point, and usually ends at it (Fig. 5). In some cases the incoming 
limb fails to return to the point of origin (Fig. 6). This is apparent from the component lead tracing: 
between QRS and T there will be no instant at which the two curves are synchronously isoelectric. In the 
‘hird record of Fig. 6, the descending limb of Rz crosses the isoelectric line first, whilst lead Y is still positive. 
By the time Y reaches the isoelectric line, Z has dropped below it. 

Orientation of T Loop. Applying the contents of the paragraph on QRS loop orientation to the T vector 
loop, the orientation of the latter is indicated by the vector which corresponds to the peak of the taller 
component lead T wave (Fig. 6). 
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Fic. 6.—Lead-pairs with monophasic QRS complexes: “* non-axial’’ loops. 
Peaks of second and third record asynchronous: wide loops. Instan- 
taneous vectors corresponding to peaks, convey loop orientation. 
Synchronous rounding of Sz and Rx peaks in first record: slowing of 
loop inscription (crowded time marks, apex of plotted loop). In first 
and third records no instant at which both S-T segments simul- 
taneously isoelectric: ““open” loops. F frontal, C coronal, S sagittal. 
Time marks 1/10 and 1/50 sec. 


SUMMARY 


In each of three planes a “ vertical” and ‘ horizontal”? component lead was recorded by a 
two-channel electrocardiograph. Synchronous instantaneous amplitudes of the two curves supplied 
vertical and horizontal components of the instantaneous vector. The latter was visualized on the 
coordinate system of the cardiograph paper, using an established method of vector geometry, by 
setting the 90° clockwise tilted lower component off from the end of the upper lead component and 
by joining the onset of the stable to the end of the displaced component. A biaxial reference dia- 
gram is also described, giving an alternative method of vector visualization from component lead- 
pairs. 

In the majority of cases the characteristics of the vector loop were predictable without construction 
of vectors, by inspection of the lead-pair record. Of the 741 lead-pairs recorded in 247 subjects 
89-5 per cent showed one of two component lead-patterns: monophasic QRS in both leads, or one 
mono- and one diphasic QRS. The predictable loop types, corresponding to these two patterns are 
described. 

In routine analysis prediction of the loop from the lead pair record, without geometric con. 
struction, was used first because of its directness and speed. If this did not yield all the informatior 
needed, or if the lead pair did not show one of the two common patterns, single instantaneou: 
vectors were then determined. Photographically enlarged lead-pairs, and loops plotted therefrom 
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with a drawing instrument, were finally used for purposes of the present inquiry, not as a clinical 
method. These techniques in their totality supplied a method, the accuracy of which was adaptable 
to the purpose of study. 


APPENDIX 


Vectorcardiographic loops are related to the well known “ Lissajous ”’ figures, used in physics 
and engineering for comparing the frequencies and phases of vibrations. The relationship of 
these figures, to the input waves from which they are integrated, is governed by strict mathematical 
laws. In the section on “ Features of the vector loop, available without vector construction ” 
of the preceding paper, electrocardiographic wave form was correlated with the corresponding 
vector loop. This was based on geometric construction of lead-pair patterns from fictitious loops 
and on construction of loops from enlarged cardiographic leads. The resemblance between 
vectorcardiograph and Lissajous loops is sufficiently close to make the essential truth of such 
correlation clear to the physicist. In view of the great variation and complexity of electrocardio- 
graphic wave forms, mathematical proof of general validity is impracticable here. It is fair to say, 
however, that mathematically demonstrating in a number of fictitious loops the correlations claimed 
in the quoted chapter, would tend to stress their validity. A number of loops based upon sinusoidal 
waves, which are easily treated mathematically, were considered from a theoretical point of view in 
the following. The results were in keeping with those of the geometric and empirical methods 
used in the preceding paper. 


Xx A x 


Fic. 7.—See text of Appendix. 


Example A (Fig. 7A). X and Y synchronous, both monophasic and upward; i.e. X and Y correspond 
o the first halves of two sine waves, which are in phase. The trigonometrical representations of two 
omplete sine waves are x=sin f; y=sin ft; therefore x=y, which is the equation representing a straight 
ine at 45°, as shown. In the present case only the first half of this line will be traced. It will point 
oward —45° of the reference system shown in Fig. 2. (This is to be regarded as the limiting case of a 
10naxial loop, in which the width is zero.) 

Example B (Fig. 7B). X and Y synchronous, both monophasic; Y upward, X downward, corresponding 
o one-half each of a sine wave, but 180° out of phase. 
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y=sin t; x=—sin t; therefore x=—y. This is the equation of a straight line at —45°, as shown. 
Only the first half of this line will be traced. It will point toward —135° of the reference system in Fig. 2 
(Another infinitely narrow nonaxial loop). 

Example C (Fig. 7C). X and Y both monophasic and upward; asynchronous, e.g. suppose Y to be 
ahead of X by an interval of time e. 

y=sin (t+e); x=sint¢ 
expanding the equation for y, 
y=sin cos €+cos sin € 

And re-writing the expression for x as | —x2=cos ¢, 


then y=x cos €+ 1\/] — x2 sine 
(1—x?)sin? e=(y—x cos €)?, 
or y?+x2—2yxcos e=sin? e. 
This is an equation representing an ellipse as shown, the principal axes a and b being at 45° and —45° to 
the X axis respectively. The lengths of the axes are in a ratio given by: ree ; whence qm tan 5 


numerically. The eccentricity therefore depends on the time interval «. Nearly synchronous pulses have 
small values of « and hence narrow ellipses. The ellipse here is traced in a clockwise direction and in the 
case chosen only its first half will be inscribed. The waves are out of phase at zero level: the loop will 
remain “‘ open.’ Ina strictly similar way, we can show that if Y is lagging behind X by an interval of time, 
the ellipse is similar in appearance but is described in a counterclockwise direction. 

Example D (Fig. 7D). X monophasic downward, Y diphasic. The peak of the monophasic lead is 
taken as synchronous with the isoelectric centre between the two peaks of the diphasic curve. In the previous 
examples it was assumed for simplicity that the amplitudes of the X and Y curves were equal, but now we 
will make a more general assumption, viz., let A=amplitude of monophasic wave; a=amplitude of diphasic 
wave, where a isless than A. (With the sinusoidal form which we are assuming for the waves, an amplitude A 
will imply a total pulse-height 2A for the monophasic wave.) y=a sin t; x=A cos t; since sin 2¢+cos? t=1; 


+= 1, which is the equation describing an axial ellipse or loop as shown, with the longer axis of the 


loop horizontal. In an exactly similar way we can see that if the monophasic and diphasic waves are inter- 
changed, the resulting loop will have its longer axis vertical instead of horizontal. 

Expressed in the terms used in the preceding paper: A lead-pair with two synchronous monophasic 
upward deflections corresponds to a narrow nonaxial loop in the fourth quadrant (A). A lead-pair with 
synchronous upward monophasic upper lead, and downward monophasic lower lead deflections, corresponds 
to a narrow nonaxial loop in the third quadrant (B). A lead-pair with two asynchronous monophasic 
upward deflections corresponds to a wide non-axial loop in the fourth quadrant. Width increases with 
asynchronism. Direction of inscription depends on peak succession (C). A lead-pair with upper lead 
diphasic, and lower lead downward monophasic deflection, corresponds to an axial loop, orientated toward 
180° (D). 
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PULMONARY ARTERIAL PRESSURE IN ACYANOTIC CONGENITAL 
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Cardiac catheterization allows an investigation of the relationships between pressure and flow in 
the pulmonary circulation, and the findings in patients with a left-to-right shunt are assuming 
increasing importance with the development of controlled intracardiac surgery. A number of 
workers have now reported catheterization findings in cases of patent ductus arteriosus (Dexter 
et al., 1950; Wood, 1950; Taylor et al., 1950; Storstein et al., 1952; Lurie et al., 1952; and Voci 
et al., 1951). It has been possible to collect instances of cases showing severe pulmonary hyper- 
tension, sometimes dating from an early age (Cosh, 1953, and Hultgren et al., 1953), and in most 
series a proportion of the cases show some degree of hypertension. However, there is no real 
agreement concerning the etiology of hypertension in patent ductus arteriosus or the relative 
incidence when compared with cases presenting other types of left-to-right shunt. 

The present paper records the experience of the cardiac department of Guy’s Hospital with 
24 cases of patent ductus arteriosus submitted to cardiac catheterization. Pressure/flow relation- 
ships in the pulmonary circulation have been given particular study. The results are compared 
with observations on a further group of acyanotic patients comprising 17 cases of atrial septal 
defect (one repeated after the lapse of two years) and 14 cases of ventricular septal defect. 


METHODS 


The technique of catheterization employed in this hospital has already been described (Holling and Zak, 
1950) and it is therefore only necessary to refer to a few special points of procedure. 

Pressure Recording. Earlier measurements were made with a Hamilton manometer, mean pressures 
being ascertained either by planimetric integration or by use of a saline manometer. However, over the 
last two years both phasic and mean pressures have been recorded by means of a capacitance electromano- 
meter (Southern Instruments Limited, Camberley). The basic physical principles governing the use of 
‘his type of manometer have been reviewed by Hansen (1949), and it is only necessary to add that in the 
2xperience of this department it is a satisfactory instrument from the practical as well as the theoretical 
standpoint. 

Flow Rates. Flow rates in both the systemic and pulmonary circulations have been calculated by use of 
he direct Fick procedure. Although this method has been criticised recently, particularly in the United 
States (Visscher and Johnson, 1953), it remains for most workers the standard against which other techniques 
are calibrated, for it gives within clearly defined limits of accuracy the value that is of prime clinical interest— 
-he mean resting flow. 

In patients with a left-to-right shunt there are certain special difficulties, for where the pulmonary arterio- 

enous oxygen difference is small, a slight error in the measurement of either arterial or venous oxygen 
caturation can give rise to a considerable error in the calculated rate of flow. This is particularly apparent 
‘n cases of patent ductus arteriosus, for in this group mixing of blood in the main pulmonary artery is often 
ncomplete, one lung receiving blood of higher oxygen content than the other (Fig. 1). 

As would be expected from the anatomy of the patent ductus, it is usually the left branch of the pul- 
nonary artery that shows the higher oxygen = the average difference in the present series being 
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1:04 per cent (that is, about 0-2 vols. oxygen/100 ml., assuming the total hemoglobin level to be within 
normal limits). Other workers, particularly Eppinger et al. (1941), have also drawn attention to this factor 
of incomplete mixing, which can add a large error to basic laboratory inaccuracies in the measurement of 
oxygen saturation. To overcome this difficulty, wherever possible, samples have been obtained in the 
present series from both branches of the pulmonary artery, and the mean oxygen content of the two sampies 
has been used in the calculation of pulmonary flow. 


9 AVERAGE 
- 104% 
3 


No of cases 


Percentage oxygen saturation of Rt. PA. compared with saturation of Lt. Pulm Art 


Fic. 1.—Histogram showing distribution of difference in oxygen saturation between right and left pulmonary arteries 
in 15 cases of patent ductus arteriosus. Note the tendency to a lower percentage saturation in the right pulmonary 
artery. 


Catheter Manipulations. The success of catheter manipulation compares satisfactorily with other series. 
In only two of the cases of patent ductus, both investigated near the start of the series, did it prove im- 
possible to enter the pulmonary artery. It was entered in all the cases of ventricular septal defect. How- 
ever, in the group of atrial septal defects, the proportion of partial failures was rather higher, the pulmonary 
artery being entered in only 12 out of 18 catheterizations. Two of the cases in which difficulty was ex- 
perienced were very young children; in others, there appeared to be a very large atrial septal defect and 
the tip of the catheter repeatedly passed through this defect instead of entering the right ventricle. 


SELECTION OF CASES 


Many of the cases submitted to catheterization showed a somewhat atypical clinical picture, so that 
before passing to an examination of the pressure flow relationships, it is necessary to consider the grounds 
on which the diagnoses were reached in the various patients. 

(a) Patent Ductus Arteriosus. In 7 of the 24 cases, direct confirmation of the diagnosis was obtained 
by passage of the catheter through the ductus in the typical position described by Bouchard (1951). It is 
probably fair to add that this evidence was obtained only in the more recent cases, and that in future the 
proportion may te rather greater than these figures would suggest.* Most of the others have been confirmed 
by operation, but even where this support is not yet available, there is evidence of a large left-to-right shunt 
into the pulmonary artery, the average difference in oxygen content between right ventricular and pulmonary 
arterial samples being 2-3 ml./100 ml. (Fig. 2). An oxygen difference of 0-5 ml./100 ml. is generally accepted 
as being significant at this level (Holling and Zak, 1950; Storstein ef a/., 1952), and only one case fails to 
achieve this figure. The patient in question was a small child, and it was necessary to introduce the 
catheter via the left long saphenous vein: it did not prove possible to advance the catheter beyond the 
proximal part of the pulmonary trunk, and it may not therefore have reached a suitable position to obtain 
samples significantly contaminated by the ductus stream. However, in this particular patient the diagnosis 
has since been confirmed by operation. 

(b) Atrial Septal Defect. \n 11 of the 17 patients, direct passage of the catheter through an atrial septal 
defect was obtained. The others showed a large difference in oxygen content between the caval and atrial 
specimens, the average difference for the group being 3-0 ml./100 ml. Mixing errors in the right atrium may 
be considerable, and an oxygen difference of 2-0 ml./100 ml. is necessary to provide conclusive evidence of 
an inter-atrial shunt. Two patients fall a little short of this limit, but in one the diagnosis was confirmed 
by direct passage of the catheter through the defect, and in the other it was based on good clinical grounds. 
Two other cases show virtually no oxygen difference. In one of these (Case 0352) this is due to a reversal 
of the shunt. The other (Case 0777) was shown to have an inter-atrial communication by passage of the 
catheter, but since this appeared to be unimportant from the hemodynamic point of view, it has been 
excluded from the present analysis. 


* Figures at time of publication: direct entry in 10 of 28 cases. 


atr 
| 
| wil 
| if t 
1 
F 
Vi 
1 
li 
tl 
si 
is 
il 
re 
t 
| 
' 


PULMONARY ARTERIAL PRESSURE 363 


The oxygen content of the right atrial sample may of course be increased by conditions other than an 
atrial septal defect, but these are less common. Careful study of the atrial pressure record helped to eliminate 
** external ’’ causes of an increased oxygen content of the atrial sample, such as a ventricular septal defect 
with tricuspid incompetence. Causes within the atria are less easy to distinguish with certainty, although 
if the shunt is large, an atrial septal defect is by far the most likely diagnosis. 


9r—— NORMAL AVERAGE| 

LIMITS 2-28 mi.[100 mI 

PATENT DUCTUS 
or NORMAL AVERAGE 

bE LIMITS 2°97 m1 / 

‘ * BATRIAL SEPTAL DEFECT 


q | 

| 
2 3 4 5 
Oxygen difference (m)./ ml.). 


Fic. 2.—Magnitude of oxygen difference observed with left-to-right shunts at different levels in the present series. 
Note that one case of patent ductus arteriosus, four cases of atrial septal defect, and one case of ventricular 
septal defect fall within normal limits. 


Number of cases 


&O 


(c) Ventricular Septal Defect. The diagnosis has rested mainly on the finding of a large left-to-right 
ventricular shunt, the average increase in oxygen content being 2:6 ml./100 ml. A difference of 
1:0 ml./100 ml. is usually accepted as significant here, and only one of the 14 patients falls below this 
limit. In three of the more recent cases, direct confirmation has been obtained by entry of the aorta 
through the septal defect, and in one other the diagnosis has been confirmed at subsequent autopsy. For 
six of the remaining ten, some supporting evidence has been obtained from a satisfactory correlation 
between right ventricular and systemic systolic pressures (Fig. 3). In the 4 cases where the catheter evidence 
is limited to the finding of an increased oxygen content in the right ventricular sample there is a possibility 
of confusion with (1) patent ductus with pulmonary regurgitation, or (2) an atrial shunt with incomplete mix- 
ing at an atrial level. However, all four show large shunts at a ventricular level with no suggestion of 
other changes in the right atrial or pulmonary artery samples, and the clinical evidence gives strong support 
to the diagnosis of ventricular septal defect. 


NORMAL STANDARDS OF PRESSURE AND FLOW 
(1) Pulmonary Arterial Pressure. A fair number of catheterizations have now been carried out 
on normal subjects, and the normal pressure relationships during this investigation are therefore 
known within clearly defined limits. Recently Fowler er al. (1953) were able to collect 58 reported 
cases, and adding 18 observations of their own gave the normal range of pulmonary arterial pressure 
as 11-29 mm. Hg systolic, 4-13 mm. Hg diastolic, and 8-19 mm. Hg mean, all values being referred 
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to a line 10 cm. anterior to the spine. In applying these results to clinical material, it must be 
remembered that during catheterization, the average cardiac patient is subjected to a very different 
pattern of emotional stress from that experienced by healthy university students, for the latter, under- 
stand the procedure more fully and know that nothing hangs upon the result of the investigation 
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Inter-ventricular pressure gradient. (mm. Hg.) 


Fic. 3.—Relationship between atrial-ventricular oxygen difference and the inter-ventricular pressure 
gradient in cases of ventricular septal defect. 


Not a great deal is known of the influence of the emotions upon the pulmonary arterial pressure, 
although the current impression is that the pulmonary vessels are little affected by the central 
nervous system except in left-sided heart failure (Hickham ef al., 1948) and comparatively stable 
levels of pressure might therefore be expected. In a few cases the patient has been asked to carry 
out mathematical exercises of varying complexity but this has had little influence on the pulmonary 
artery pressure. Further, in patients who have been recatheterized, very similar levels of pressure 
have been observed. Thus it seems unlikely that the pulmonary arterial pressure is much increased 
by emotional factors in these cases. In the present series pressures have been referred to the mid- 
axillary line, and note has been taken of severe cases of pulmonary hypertension (systolic pressure 
exceeding 80 mm. Hg), moderate cases (systolic pressure greater than 45 mm.), and slight cases 
(systolic pressure greater than 30 mm.). 

(2) Pulmonary Flow. 1n order to allow a comparison of the relative rates of flow in the different 
subjects, some method of standardizing the results is needed. The flow has therefore been expressed 
as a ratio to the total expected value in a normal subject of the same age. A ratio of this type 
cannot be applied satisfactorily to cyanotic patients, for in such cases the height and weight are 
often below average; however, in the acyanotic patients where general development is relatively 
normal the pulmonary flow ratio probably affords a better means of comparison than the flow 
rate per square metre of body surface, since the latter is known to vary somewhat with age. Normal 
flow values for the different ages have been calculated as suggested by Deuchar and Knebel (1952). 

(3) Pulmonary Arteriolar Resistance. This gives a numerical expression to the resistance to 
flow through the pulmonary vessels; to derive this quantity it is necessary to know the pulmonary 
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flow (in absolute units) and the pressure gradient from the pulmonary artery to the left atrium. 
The value thus determined includes also the resistance of the small pulmonary arteries and the 
pulmonary capillaries; however, their contribution to the total resistance is relatively small, and the 
figure obtained is largely an expression of the condition of the pulmonary arterioles. 

Normal standards of pulmonary arteriolar resistance vary greatly according to the method of 
calculation employed. American authors, such as Dexter et a/. (1950), quote values as low as 
45-90 dynes/sec./cm.5, whereas Deuchar and Knebel (1952) give values of 200-400 dynes/sec./cm.5. 
The principal difficulty is the estimation of the left atrial pressure, which in many instances cannot 
be determined directly. The use of the pulmonary capillary pressure (Hellems, 1948; Lagerlof 
and Werk6, 1949) has been suggested as an approximate measure, but Dow et al. (1950) point out 
that this value may differ by as much as 4 mm. Hg from the true atrial pressure—that is by a suffi- 
cient margin to produce an error of up to 50 per cent in the calculations. Deuchar and Knebel 
suggest the assumption of a left atrial pressure approximating to zero, but this gives rise to a syste- 
matic error in the results, since the normal left atrial pressure is now recognized to be at least 
5 mm. Hg (Cournand et al., 1950; Fowler et al., 1953). While recognizing that no method other 
than the direct measurement of left atrial pressure is completely satisfactory, it seems preferable 
where this value is not available to adopt the accepted normal value of 5 mm. Hg. On this basis, 
and using the normal standards of flow and pressure given for the pulmonary artery by Deuchar 
and Knebel (1952), it is possible to calculate the expected pulmonary arteriolar resistance at 
different ages as follows. 


Age 5 240 dynes/sec./cm.° 
Age 10 180 dynes/sec./cm.5 
Age 20 120 dynes/sec./cm.> 


THE PULMONARY ARTERIAL PRESSURE IN ACYANOTIC HEART DISEASE 


(1) Patent Ductus. Ten of the 22 cases have a systolic pressure that falls within normal Jimits 
(Table I), and many of the remainder fall only just outside the upper limit of normality. Three of 
the 6 cases with high pressure have unfortunately saline manometer readings only, and are therefore 
recorded as mean pressures. The suggestion that there is a particular elevation of the diastoic 
pressure in many cases of patent ductus, due to continued inflow through the ductus in the diastolic 
phase, is supported by the present figures. In 10 of 17, the diastolic pressure is greater than normal, 
and this increase is responsible for the relatively normal pulmonary arterial pulse pressure observed 
in most patients. 

(2) Atrial Septal Defect. A high proportion of these cases show high systolic pressure, par- 
ticularly if account is taken of the fact that 2 of the 5 showing a normal pressure have a very small 
shunt and may in fact represent anomalies of pulmonary venous drainage rather than true atrial 
septal defects. All these with increased systolic pressure show some increase also in the diastolic 
pressure, but despite this there is a tendency to widening of the pulse pressure. 

(3) Ventricular Septal Defect. In this group, the right ventricular systolic pressure corresponds 
fairly closely with the left ventricular pressure, unless the defect as indicated by the atrio-ventricular 
oxygen difference is small (Fig. 3). Further, unless there is some coincident pulmonary stenosis, 
this pressure is transmitted directly to the pulmonary artery. Thus a marked elevation of the 
pulmonary arterial pressure is to be expected, and is found in 10 of the 14 cases. In one of the 
remaining 4 (Case 0279) the size of the defect, as judged from the magnitude of the shunt, is small; 
in one other (Case 0655) there is also a stenosis of the pulmonary valve, although this is of insufficient 
degree to prevent a left-to-right shunt. As in the previous group, all cases with an increase in 
systolic pressure show also a rise in diastolic pressure, with some tendency to a widening of the 
pulse pressure. 
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TABLE I 
PULMONARY ARTERIAL PRESSURES (SYSTOLIC AND DIASTOLIC) IN PATIENTS WITH LEFT TO RIGHT SHUNTS 


| 
No rise of systolic | Slight rise of systolic | Moderate rise of systolic Severe rise of systolic 

pressure: 0-30 mm. Hg pressure: 31-45 mm. Hg | pressure: 45-80 mm. Hg _spressure: greater than 

| | 80 mm. Hg 
Case Age and | —_— Case | Ageand Pressure Case Age and | Pressure | Case | Ageand Pressure 
No. | sex | | No. sex | No. sex | No. sex 

(a) Patent Ductus Arteriosus 
IPJA | F6 | 22/8 | H279 | F1I8 | 32/15 | 0621 Fil | (45)§ 
0304 F8 28/23 | 0418 | F7 | 38/27 P255 F7 | (45) 
P277 F8 21/12 | 0349 | F4 | 45/27 P3008 F5 | 49/30 
P275. | 15/4 | O781 | F5 | 33/19 | 0423 | (45) | 
| 27/5 | O391 | | | 53/39 | 
O413 23/12 | P226 | F5 43/30 | 0982 F12 61/40 
0280 | M27 (18) § | | | 
P286 Mi4 21/11 | 
F60 23/10 | | 
IPDZ | 26/9 | 
(b) Atrial Septal Defect 

— | F9 | 16/7 | O125) F9 | 44/2? | 0900 | F42 58/24 | P176 F35 140/62 
IPB 


0291 | M7 30/5 P227 M27 (64), 0352. 
P223. | 25/10 
0626 | 21/6 | | 


(c) Ventricular Septal Defect 


| 30/8 | OS45\ FIS |; 33/18 ; M3 | 57/27 ; 0606 | F18 102/61 
F16 | 18/5 | F233 | M7 37/20 | O991 | M9 | 55/25 | 0142) M13 83/35 
| 


| 23/9 | | 0900 74/29  O689 F36 103/42 


0655 | F19t 
0279 


| | _IPRP M3 73/47 0467 F48 128/58 
| | 
| | | CB23; 107/68 
| | 


(1077. 


* Repeat two years later. t Possibly cases of anomalous pulmonary venous drainage. 
~ Associated moderate pulmonary stenosis. 


§ Where mean pressure only has been recorded, this is indicated in brackets. 


| 


FORM OF MANOMETER RECORDS 


Before considering possible reasons for the low incidence of pulmonary hypertension in the patent 
ductus group, there are two further points concerning the pressure record that deserve attention. 

Typical Ductus Pattern. Where the ductus is actually entered a typical pressure tracing may be 
obtained as the catheter passes through the ductus (Voci ef a/., 1951). The form of the pulmonary 
arterial tracing itself, however, which sometimes becomes rather irregular at the point of entry of 
the ductus stream, is not sufficiently characteristic to be pathognomonic of the presence of a patent 
ductus. 

The Incidence of Relative Stenosis. A small pressure gradient across the pulmonary valve has 
been described in cases of atrial and ventricular septal defects with large left-to-right shunts, and 
has been attributed to a relative stenosis of the valve. The present results show gradients of 
0-5 mm. Hg in 28 cases, 5-10 mm. in 5 cases, 10-15 mm. in 5 cases, and 15-20 mm. in 3 cases. 
However, 18 of the patients with a gradient have a patent ductus, so this effect cannot be attributed 
to an increased flow through the pulmonary orifice. The change is in any case gradual in type, 
and totally unlike the sudden drop of pressure found at a narrowed valve—and a more probable 
explanation of the gradient lies in changes of elasticity in the walls of the pulmonary artery asso- 
ciated with post-valvular dilatation. It is difficult to state with certainty the gradient necessary 
for a diagnosis of organic stenosis, since even at autopsy slight degrees of stenosis are hard to assess. 
Some would take 20 mm. Hg as the maximum that can be attributed to factors other than stenosis, 
although it is probably more satisfactory to be guided by the form of the manometer record, and 
particularly by the sharpness of the pressure change. 
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FACTORS INFLUENCING THE PULMONARY ARTERIAL PRESSURE 


In an attempt to elucidate the reasons for the lower incidence of pulmonary arterial hyper- 
tension in the patent ductus group, various factors that may influence this pressure will be compared 
in the different forms of acyanotic congenital heart disease. 

(a) Size of Shunt. Where the rate of flow through the pulmonary circulation is only moderately 
increased, a passive fall in pulmonary arteriolar resistance can occur, and this change is often 
sufficient to maintain a fairly constant pulmonary arterial pressure. However, it has been shown 
experimentally that where the flow is increased above a critical level of about three times the resting 
flow (Riley et al., 1948) a rise of pressure typically occurs. Thus if the size of the left-to-right 
shunt is smaller in the patent ductus group, this may of itself explain the lower incidence of 
hypertension. 

To examine this point, the pulmonary flow ratio (P.F.R.) has been calculated for each patient. 
To illustrate the results graphically, this value has been plotted against the observed pulmonary 
arterial systolic pressure (Fig. 4). The average P.F.R. in each of the three groups is very similar— 
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Fic. 4.—Relationship between pulmonary arterial systolic pressure and pulmonary flow ratio. Note that a normal 
pulmonary arterial pressure is typically associated with a flow ratio of less than the critical value of three times 
the normal flow. Where the ratio exceeds 3-0, the pressure is in most cases increased. 


patent ductus arteriosus 2-71 to 1-0, atrial septal defect 2-43 to 1-0, and ventricular septal defect 
2:78 to 1-0. Further, the proportion with a P.F.R. exceeding the critical value of 3-0 is not very 
different in the three groups: patent ductus arteriosus 6/21, atrial septal defect 3/12, and ventricular 
septal defect 5/14. The general correlation between the P.F.R. and the level of pulmonary systolic 
pressure is not very close. However, it can be seen that in 13 of 15 cases with normal pressures, 
the P.F.R. is less than the critical value of 3-0. Further, there is some elevation of pressure in all 
except two of the cases where the P.F.R. is greater than 3-0. However, it will be noted that in 5 of 
7 cases where the systolic pressure exceeds 100 mm. Hg, the P.F.R. is less than unity. Thus although 
the large size of the left-to-right shunt furnishes some explanation of a number of the cases of 
moderate hypertension in all three groups, the most severe cases had at the time of the investigation 
a flow that was actually less than the normal value. This agrees well with radiological appearances, 
for such patients show typically a gross enlargement of the main pulmonary vessels, but a diminution 
in density of the lung fields. The present size of the shunt cannot therefore be invoked as an 
explanation of severe hypertension. 
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(b) Age of Patients. It is possible that the increase in pulmonary arterial pressure is a late 
response to a large left-to-right shunt. An age difference in the three groups would then produce 
corresponding differences in the incidence of hypertension. Examination of Table I does show a 
somewhat higher average age in the atrial septal defect group: patent ductus arteriosus, 12-3 years; 
atrial septal defect, 19-6 years; and ventricular septal defect, 15-6 years. Further, 4 of the 5 cases 
of atrial septal defect with moderate or severe hypertension have an age of 27 or over, the important 
exception being Case 0352, aged 9 years. 

There does, therefore, seem to be some indication that the gross increase in pulmonary systolic 
pressure with atrial septal defect is seen mainly in the older age group, and many cases of patent 
ductus tend to be submitted for catheterization before this age is reached. However, evidence that 
the pressure increases with age in patent ductus arteriosus is less convincing since the one elderly 
case has normal pressures. * 

(c) Pulmonary Arteriolar Resistance. Since the differing incidence of hypertension in the three 
groups of acyanotic heart disease cannot be accounted for in terms of differing sizes of shunt, 
differences in the resting level of pulmonary arteriolar resistance are to be expected. 

Certain general observations may first be made. It is realized that the accuracy of the measure- 
ments of resistance hinges upon the normality of the left atrial pressure in acyanotic heart disease. 
Accurate knowledge is only available for the atrial septal defect group, and here our observations 
confirm the findings of Pedersen and Warburg (1952), for even with gross elevation of the pulmonary 
arteriolar resistance, the left atrial pressure is still normal. Thus there is little justification for the 
view that the increased resistances are an artefact produced by back pressure from the left atrium. 

As might be expected, there is a fairly close relationship between both systolic and diastolic 
pressures and the level of pulmonary arteriolar resistance (Fig. 5 and 6). However, it is interesting 
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Fic. 5.—Relationship between pulmonary arteriolar resistance and pulmonary arterial systolic 
pressure. The cases of ventricular septal defect show less close correlation than the other 
forms of acyanotic heart disease. 


* Since completion of this paper one other patent ductus in the older age group (Case 1110, age 45) has been 
catheterized. She was not a typical case of patent ductus, since there is no recorded history of other than a systolic 
murmur. Her pulmonary arterial pressures were moderately increased (68/40 mm. Hg), and there was a closer 
correspondence between pulmonary and systemic diastolic pressures which may account for the absence of a con- 
tinuous murmur (systemic pressures 132/54 mm. Hg). 
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Fic. 6.—Relationship between pulmonary arteriolar resistance and diastolic pressure in the 
pulmonary artery. The cases of ventricular septal defect again show less correlation than 
other forms of acyanotic congenital heart disease. 


to note that the correlation is much closer in the patent ductus and atrial septal defect groups than 
in the ventricular septal defect group. The probable explanation is that the pulmonary pressures 
in the latter group are influenced to a much greater extent by the pressure levels in the systemic 
circulation. 

As with normal subjects, there is a tendency for resistance to fall through childhood to the age 
of about 20 years. This is seen particularly in the patent ductus group and there are some examples 
of atrial and ventricular septal defect showing a gross increase of resistance which do not fit in with 
this pattern. Owing to the normal tendency for resistance to vary with age, it is necessary to con- 
vert each observation to a percentage of the normal value for that age before an assessment is made 
of the incidence of increased resistance in the different groups of patients. Resistances standardized 
in this way are plotted against the P.F.R. in Fig. 7. It can be seen that a reduced flow is associated 
with an increased resistance, but where the flow is normal or increased there is no direct relationship 
between the present level of flow and the arteriolar resistance. 

With Patent Ductus Arteriosus. The average resistance for this group is 97 per cent of normal, 
and most cases fall within the range of 50-150 per cent of normal, which probably represents the 
limits of error and personal variation. Two cases have a resistance of more than twice the normal 
value, and in both these a fairly large shunt is maintained despite the increase in resistance. In 
three others there is a considerable reduction in peripheral resistance to under 40 per cent of the 
normal value. 

With Atrial Septal Defect. Satisfactory data has been obtained for 9 cases. Four fall within 
the range 50-150 per cent, two have very low resistances, and the remaining three are grossly 
increased, one to over 1200 per cent of the normal value. These increases in resistance are 
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Fic. 7.—Relationship between pulmonary arteriolar resistance and pulmonary flow. It will be noted 
that a reduced flow is associated with an increased resistance, but where the flow is normal or in- 
creased there is little correlation between flow and resistance. 


associated with a considerable reduction in flow despite high pulmonary pressures, and must 
represent a considerable narrowing of the pulmonary vessels. 

With Ventricular Septal Defect. This group comprises 14 observations with an average resist- 
ance of 215 per cent of normal. Nine patients again fall within the range of 50-150 per cent of 
normal, one shows a considerable reduction in resistance, and four show marked increases in resist- 
ance, ranging from 343 to 783 per cent. This increase is not sufficient to cause a reduction of flow 
through the pulmonary circulation, except in one case. 

It is thus possible for any patient with a left-to-right shunt to have a pulmonary arteriolar 
resistance above, below, or within normal limits, although the expectation of a normal resistance 
seems to be rather stronger in the patent ductus group. One factor contributing to this diversity 
of response to the shunt becomes apparent if the level of resistance is plotted against the age of the 
patient (Fig. 8). Thus 8 of 10 patients with grossly increased resistance are over the age of ten 
whilst 4 of 7 with grossly decreased resistance are under the age of ten. There is thus some 
justification for the view that in the young child the response to an increased flow is typically a 
decrease in peripheral resistance, probably passive in type. However, with the passage of the 
years, there is a progressive increase in resistance, until finally it may be grossly above the 
normal level. The explanation of this increase in resistance is probably a progressive anatomical 
change in the small vessels of the lungs. 

(d) Arterial Saturation. Some support for a correlation between anatomical changes and 
changes in the level of peripheral resistance can be found in the degree of oxygenation of the blood 
achieved in the lungs. It is to be expected that those cases having severe anatomical changes and 
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Fic. 8.—Relationship between age and the level of pulmonary arteriolar resistance. In all forms of acyanotic con- 
genital heart disease there is a tendency for resistance to increase with age (see text). 


therefore a high resistance will show some impairment of oxygenation. This concept is examined 
in Table II. 

Four cases of patent ductus arteriosus show a reduction in arterial oxygen saturation, and in 
each the resistance was increased, the average for these four being considerably above the general 
level of resistance in the patent ductus group. 

Four of the 9 cases of atrial septal defect in which the peripheral resistance can be calculated 
show a reduction in arterial saturation, and in at least three there is good reason to believe that this 
reduction was caused by pulmonary factors. In one (Case P227) changes in the pulmonary vessels 
were confirmed at post-mortem examination. In another (Case 0352) direct intubation of the 
pulmonary veins confirmed the low saturation of blood leaving the lungs. In a third (Case 0689) 
the arterial saturation was raised to a high normal level by the administration of oxygen—this 
change was considerably in excess of any effect that could be produced by the physical solution of 


TABLE II 
PULMONARY ARTERIOLAR RESISTANCE IN CASES SHOWING UNSATURATION OF PULMONARY VENOUS OR ARTERIAL 
BLoop 
Patent ductus arteriosus Atrial septal defect Ventricular septal defect 


Case  Sexand Percent-| Resist- Case Sexand Percent- Resist- Case Sex and Percent- Resist- 


No. age agesatu-. ance No. age agesatu- ance No. age agesatu- ance 
ration ration (%) ration 
0423 F13 93-5 221 0689 F36 88-4 714 0467 F48 87-0 431 
0280 M27 92-0 113 0352 M8 86-4 1290 1077 F22 | 93-1 783 
CB30 F60 90-0 109 0900 F44 92-0 122 
P311 M 2 93-5 133 P227 M27 91-0 817 
Average resistance 144 Average resistance 736 Average resistance 607 
Average for remainder Average for remainder Average for remainder 
of group 85 | of group $2 of group 165 
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oxygen, and confirms that the low saturation was due primarily to poor oxygenation of the blood, 
and not to an intracardiac shunt. The fourth (Case 0900) had occasional moist sounds at both 
bases, so that in this case the difficulty in oxygenation may have been related to exudate rather than 
changes in the vessel walls. 

In the atrial septal defect group, the correlation between unsaturation and increased resistance 
is very striking, the average resistance for these 4 cases being 736 per cent, as compared with 52 
per cent for the remainder of the group. 

Two cases of ventricular septal defect show a reduction in arterial saturation, and these two 
again show a level of resistance far in excess of the average for the remainder of the group (607 per 
cent as compared with 203 per cent). In Case 0467, the pulmonary nature of this change was 
confirmed by a dramatic increase of saturation to the normal level following administration of 
oxygen. In Case 1077, no conclusive evidence of a pulmonary origin of the unsaturation is 
available. 


DISCUSSION 


The results presented above show that in several forms of acyanotic congenital heart disease 
with a left-to-right shunt there may be an increase of pulmonary arterial pressures. However, the 
relative incidence of hypertension appears to be lower in the patent ductus group than in the groups 
with atrial and ventricular septal defects. 

There is little difference between the average size of the shunt in the three conditions, and the 
high incidence of hypertension in ventricular septal defect seems related largely to the nature of the 
defect. The difference between patent ductus and atrial septal defect may be attributable in part 
to the older age of the latter group when submitted for catheterization. Patent ductus presents a 
clearly defined clinical picture which is fairly readily recognized at routine examination, and is 
presented for surgical correction at an early age. On the other hand, atrial septal defect often 
presents comparatively trivial signs, and may pass unrecognized in childhood. The pulmonary 
vascular tree therefore tends to be exposed to the left-to-right shunt for a longer period before 
reference to hospital, and there is a correspondingly greater opportunity for the development of 
changes in the structure of the pulmonary vessels leading to a reduction in pulmonary flow and a 
gross increase in pulmonary arterial pressures. However, there does seem some justification for 
the view that the incidence of hypertension is less in patent ductus arteriosus, even if account is 
taken of the age of this group. 

There has been considerable discussion concerning the etiology of pulmonary hypertension. 
Some have regarded it as a persistence of the primary fcetal hypertension, but while isolated cases 
of this type can be collected (Cosh, 1953), the present findings support the view that most cases 
develop in adult life. It has also been suggested that the increase in pulmonary arteriolar resistance 
represents a physiological spasm of the vessels which develops as a protective mechanism against 
the increased pulmonary flow. However, if the change were physiological in type, it would be 
expected to occur more uniformly in patients subjected to a left-to-right shunt. 

Further, where the condition is surgically corrected, as in ligation of a ductus, restoration of 
normal pressures would be expected, whereas we have found that in two cases of patent ductus 
with severe hypertension, ligation actually increased the immediate pressure in the pulmonary 
artery. One showed a pressure of 86/76 mm. Hg before and 93/79 mm. Hg after closure of the 
ductus. The other showed a pressure of 47/35 mm. Hg before and 74/52 mm. Hg after closure.) 

Finally, if the increase in resistance is a physiological protective mechanism, there is no obvious 
reason why it should be withheld until early adult life. Thus it seems far easier to understand the 
increase in resistance observed in the present series as a progressive anatomical change. In early 
childhood there is a passive dilatation of the pulmonary vessels in response to the increased flow, 
but later, probably as a response to this prolonged dilatation, the typical changes described by the 
morbid anatomists appear (Old and Russell, 1950; Symmers, 1952). These changes bring about 
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a reduction in pulmonary flow despite an increase in pulmonary arterial pressure, and there is an 
associated difficulty in the oxygenation of the blood which produces a moderate unsaturation of 
the pulmonary venous and systemic arterial specimens. 

The low incidence of such changes in patent ductus arteriosus despite large left-to-right shunts 
is not easy to understand; it may be related to the fact that in patent ductus the increased flow is 
distributed throughout the cardiac cycle, whereas in atrial septal defect and ventricular septal defect 
the increase is concentrated in the systolic phase (Campbell, 1951). 


SUMMARY 


Pressure flow relationships in the pulmonary artery have been examined in 55 patients, 24 with 
patent ductus arteriosus, 17 with atrial septal defect, and 14 with ventricular septal defect. 

The pulmonary arterial pressure is normal in 10 cases of patent ductus, slightly increased in 
6 and moderately increased in 6 cases. In the atrial and ventricular septal defect groups, the 
proportion showing hypertension is greater. In the atrial septal defect group the pressure is normal 
in 5, slightly increased in 1, moderately increased in 2, and severely increased in 3 cases. In the 
ventricular septal defect group the pressure is normal in 2, slightly increased in 2, moderately 
increased in 3, and severely increased in 7 cases: generally the systolic pressure corresponds fairly 
closely with the left ventricular systolic pressure unless the septal defect is small. 

In all three conditions, the systolic pressure in the pulmonary artery may be a few mm. Hg 
less than the right ventricular systolic reading: it is difficult to explain this discrepancy in terms of 
* relative stenosis °° of the pulmonary valve, and the pressure difference is perhaps related to changes 
in the elastic properties of the dilated pulmonary artery. 

The magnitude of the left-to-right shunt is similar in all three conditions, and cannot explain 
the differing incidence of hypertension. 

The pressures in the ventricular septal defect group are high on account of the nature of the 
defect. In the atrial septal defect group, the higher pressures are probably due in part to the 
greater average age of this group, and in part to the concentration of the increased flow in the 
systolic phase of the cardiac cycle. 

The pulmonary arteriolar resistance may be low, normal, or high in all forms of left-to-right 
shunt. If the patient is very young, a resistance below the normal value may be expected, but with 
increasing age, the resistance tends to be increased to values grossly above the normal. This is in 
keeping with the progressive development of anatomical changes in the pulmonary arteries producing 
narrowing of the lumen and impairment of oxygenation of the blood. 


I wish to record my appreciation of the encouragement and assistance that Dr. Campbell has given during the 
preparation of this paper, and also thank him for permission to report details of a number of his cases. Other patients 
were under the care of Dr. Baker, Mr. Brain, and Mr. Brock, and my thanks are due to them for the use of their case 
records. I am also indebted to the Department of Medical Photography and Illustration, Guy’s Hospital, for pre- 
paring the figures for publication. 
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In the past four years there has been a renewed interest in the rather common problem of mitral 
valvular disease. This has been stimulated mainly by the recent remarkable advances in cardiac 
surgery (Bailey, 1949; Baker er al., 1950; and Harken ef a/., 1951). In fact, so much has been said, 
written, and conjectured on this subject that one feels a little diffident to open yet another dis- 
cussion. It seems justifiable to do so nevertheless, if perhaps a more practical comprehension of 
the disease might be forthcoming. Now that specific therapy is available—but therapy which 
carries 5-15 per cent mortality of its own—attention must be given to more accurate diagnosis and 
appraisal. Because he possesses the reservoir of patients, responsibility for this rests heavily upon 
the medical consultant. 

One must consider two aspects—first the type of valvular lesion, second its severity and com- 
plications. Our group believes that the pathologic physiology and clinical manifestations of mitral 
disease are intimately related (Gorlin and Gorlin, 1951; Gorlin et al., 1951a and 6 and 1952; and 
Lewis et al., 1952); if one understands the former, the latter may be interpreted properly. It is 
not within the scope of this paper to discuss differential diagnosis: certain aids will emerge from the 
relation of physiology to symptoms but differential diagnosis needs also the aid of careful ausculta- 
tion, screening, and electrocardiography. 

The symptoms of mitral disease run the gamut from none at all to dyspneea, orthopnea, hemo- 
ptysis, edema, ascites, hepatomegaly, and fatigue. These may be grouped as primarily pulmonary 
or systemic congestive, or general in type. And this grouping is important. It is not known why 
one patient may have more of one symptom than another within a group, but about the origin 
of any one group of symptoms versus another something can be said. Let us consider predomin- 
antly pure mitral stenosis first. 

Acute pulmonary oedema, acute dyspnoea, or orthopnea have not infrequently occurred during 
cardiac catheterization of patients with mitral disease. In our experience these patients always had 
an unusually high pulmonary capillary pressure, upwards of 30 mm. Hg, the normal being 5-10 mm. 
It is presumed that either the vascular distension or the transudation of fluid into alveoli or their 
walls evoked pulmonary symptoms of varying degrees. So our first consideration is why this 
pressure is raised in mitral disease. 

Pulmonary capillary pressure is dependent for its level on left atrial pressure which in turn 
depends on the mitral valve and left ventricular diastolic pressure. The mitral valve is a fixed 
orifice; the normal area is 5 sq. cm. In disease it may be anything from this to 0-5 sq. cm. or 
less in area. Fixed orifices impose certain conditions on fluids flowing through them. The amount 
of pressure necessary to force a given amount of blood through depends on the size of the orifice— 
ihe smaller the valve the more pressure required. This is defined quantitatively in Fig. | which 
relates all three. On the abscissa is plotted pulmonary “ capillary ’ pressure, an index of left atrial 
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Fic. 1.—Relation of pulmonary capillary pressure to rate of valvular 
flow and valve area. Observed values are plotted against a back- 
ground of theoretical pressure-flow for given areas. Reprinted 
from Gorlin and Gorlin (1951). 


pressure; on the ordinate, the rate of flow through the valve during the time it is open in diastole. 
Each curve is the pressure flow relationship for a different valve area. Normal capillary pressure 
is up to 10 mm.: the vertical line at 35 mm. Hg indicates the pulmonary cedema level; this occurred 
in each of the patients to the right of the line. Normal rates of flow, i.e. resting cardiac output 
and rate, are 150-250 ml./sec. When the valve is normal in size, 5 sq. cm., huge flows can be 
handled without a great rise in pressure. When there is mild stenosis, pressure is mildly raised at 
rest but flows must rise to a considerable level before pressure exceeds 35 mm. _ In these people, 
ordinary but not excessive exertions are easily performed. When the valve is 1°5 sq. cm., flow 
rates up to 250 ml./sec.—a generous rate—can be tolerated, but certainly little more. These 
subjects usually have no symptoms at rest or on mild activity, but exertion will always result in 
dyspneea or its equivalent. When the valve is 1 sq. cm. or less, 20 per cent of normal, the classical 
tight stenosis, the relation of pressure to flow is very flat. A low normal flow rate of 150 ml./sec. 
is barely tolerated. Any effort will result in symptoms. If the area is 0-5 sq. cm., cardiac output 
must be much less than normal if pulmonary cedema is to be avoided. Symptoms may often be 
constantly present. In tight stenosis the hazard of rapid heart action is great. This is the com- 
monest cause of pulmonary edema. When the heart rate speeds up more time is used for systole 
and less is left for diastole and flow through the mitral valve. Normally this matters little, but with 
a stenosed valve every moment of diastole counts. Blood must then go faster; left atrial pressure 
is increased to accomplish this; and pulmonary cedema often results from the raised pressure. 

If one checks this hypothesis by actually plotting symptoms against valve area (Fig. 2) statistical 
verification is obtained. Thus we see first a qualitative relationship between height of pulmonary 
capillary pressure and pulmonary cedema and a quantitative relationship between degree of stenosis 
and severity of symptoms of dyspneea, etc. 
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Fic. 2.—Relation of mitral valve area and pulmonary arteriolar resistance to pulmonary 
symptoms in mitral stenosis. Reprinted from Lewis et al. (1952). 


Now if this tight stenosis and pulmonary capillary hypertension persist over a long period of 
time, organic changes often develop in the pulmonary end arteries, seen pathologically as narrowing 
of the lumen by a thickened wall and physiologically as an increase in calculated pulmonary vascular 
resistance. This resistance may be 10 to 15 times normal. As such it constitutes an obstruction to 
blood flow often worse than that at the mitral valve. Pulmonary arterial pressure rises behind the 
obstruction and flow through it decreases. Thus two obstructions raise pulmonary artery pressure 
and decrease cardiac output. The high pressure puts a load on the right ventricle, which may have 
to pump at a pressure five times normal against a pulmonary resistance ten times normal and this is 
almost always accompanied by evidence of right ventricular hypertrophy. 

For a while this load is handled effectively. To the patient already limited by dyspnoea is added 
severe pulmonary hypertension, which may effect further dyspnoea, although this symptom has 
actually been known to decrease due to the lowered amount of blood having to go through the mitral 
valve. This so-called balanced circuit may result, wherein pulmonary pressures are stabilized but 
the right ventricle is still competent. This may last months or years. 

Finally the right ventricle dilates, and congestive failure sets in with its usual manifestations of 
persistent jugular venous hypertension, cedema, and hepatomegaly. A good correlation was 
evident between these symptoms and the combination of severe stenosis plus raised resistance 
(Fig. 3). 

Thus with this concept one can understand the long course of mitral stenosis, wherein a murmur 
persists for years without any incapacity. The valve is distorted, then stenosed, but not critically 
So till it is less than 25 per cent of normal in size. Then come the bouts of pulmonary symptoms, 
usually precipitated by exertion or emotion, or in relation to tachycardia, infection, infarction, 
pregnancy, anemia, or thyrotoxicosis. The patient is usually quite well in between episodes. But 
if the valve becomes more stenosed, episodes become more common. Eventually auricular fibrilla- 
tion and pulmonary vascular disease set in. Things can appear better for a while, due to the 
restriction of blood flow, but eventually the strain of pulmonary hypertension on the right ventricle 
and the low cardiac output inexorably lead to peripheral congestive manifestations. (Edema, 
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Fic. 3.—Relation of mitral valve area and pulmonary arteriolar resistance to physical 
findings in mitral stenosis. Reprinted from Lewis et al. (1952). 


hepatomegaly, and a persistently high jugular venous pressure usually mean the disease has pro- 
gressed far beyond mechanical obstruction of a valve, to involve the lungs, myocardium, and 
systemic organs. 

A word on the mitral diastolic murmur is appropriate here. Some of its intensity depends on 
the amount of blood flowing through the valve. Therefore loudness of murmur tells nothing 
about the severity of stenosis, but simply that the valve is diseased. It may be very loud early in 
the disease when output is normal; conversely it may be absent in the terminal stages. In fact its 
absence when other incontroversible evidence of mitral stenosis is present is a solemn warning of 
the severity of the stenosis. 

The disease may conveniently be divided into four stages as proposed for a group of patients 
by Lewis et al. (1952). 

Group I. The valve area was greater than 1-3 sq. cm. and pulmonary resistance normal. The 
only symptom was mild exertional dyspneea, and there was no evidence of right ventricular failure. 

Group II. The valve area was 0-5 to 1-1 sq. cm. and pulmonary resistance was up to four times 
normal. Severe respiratory symptoms and paroxysmal pulmonary cedema predominated, but 
there was no right ventricular failure. 

Group III. The valve area was 0-4 to 0-7 sq. cm. and resistance four to seven times normal. 
These patients were in the balanced state and often could do light work without respiratory or 
peripheral congestive symptoms, although fatigue was common. 

Group IV. The valve area was 0-4 to 0-6 sq. cm., and resistance seven to twelve times normal. 
These patients had both severe respiratory symptoms and right ventricular failure. 

A more elusive problem is that of the incompetent mitral valve. As a predominantly pure con- 
dition it is rather uncommon, and any remarks are accordingly brief. 

There are three apparent physiological adjustments and stages to a leaking mitral valve. (1) The 
left ventricle may pump enough blood to deliver a normal output despite the amount regurgitating 
into the atrium. (2) The left ventricle may pump only a normal or slightly increased amount of 
blood which must be distributed to the leak and to the aorta with a resultant decrease in blood 
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supplied to the body. (3) This lowered output may be delivered at a high ventricular diastolic 
pressure, i.e. “* failure ’’ has occurred. 

Which situation arises in a given patient depends primarily on the state of the myocardium and 
secondarily on the size of the regurgitant area. 

Symptoms will depend on which adjustment takes place: in the first, no symptoms; in the second, 
undue exertional fatigue, about which more will be said below; and in the third, symptoms of left 
ventricular failure. If the third stage persists long enough, full-blown pulmonary vascular disease 
may develop and the clinical picture greatly resembles advanced mitral stenosis. 

One of the commonest forms of mitral disease is that in which both stenosis and regurgitation 
are significant. Understanding of this disorder rests on two findings, the principles of which were 
discussed earlier: (1) the degree of stenosis is usually moderate 1-5-2 sq. cm.; (2) the pressure-flow 
relationship for a 2 sq. cm. valve is the same whether or not there is incompetence. Pulmonary 
arterial pressure, pulmonary capillary pressure, and total left ventricular output are almost identical. 
Valve area seems to predict how much blood gets into the ventricle. The obvious corollary of 
this is that systemic blood flow must be reduced whenever there is a significant regurgitation along 
with stenosis. The usual estimation is a 50 per cent leak, the other half being delivered to the 
body. This is the key to understanding mixed mitral disease. The major physiological defect is 
a very low cardiac output. There is only a moderate pulmonary capillary hypertension as in a 
pure moderate stenosis, a severe pulmonary arterial hypertension is uncommon, and the signs of 
right ventricular failure are rare. 

From this physiological pattern, it is hard to predict any concrete clinical picture and such was 
borne out on attempted correlation of the two. The most striking feature, and one from which 
all physicians naturally shy, was that of limited physical capacity—patients were always tired, 
fatigued, weak, and unable to work. Some had moderate dyspnoea, some had paroxysmal attacks. 
And no patients had oedema or severe venous congestion. Certainly this could be the picture of 
an illness characterized mainly by poor blood flow without any great rise of pulmonary or systemic 
venous pressures. This is comparatively rare in medicine and is seen usually only in myxoedema 
and uncomplicated atrial septal defect. Occasionally some of these patients develop left ventricular 
failure, usually related to a smouldering myocarditis. This further chronic rise of pulmonary 
capillary pressure may lead to the whole pattern of dyspnoea, orthopneea, etc., and thus as with 
pure regurgitation, in its end stage, resemble advanced pure mitral stenosis. 


SUMMARY 

In mitral stenosis, circulatory changes result from one or two obstructions to blood flow—the 
stenosed mitral valve with or without narrowed pulmonary arterioles. This causes pressure to 
rise behind each and for flow to decrease through them. This becomes significant for the mitral 
valve when its area is 25 per cent or less of normal, and for the pulmonary arterioles when the 
resistance is about five times normal. 

Pulmonary symptoms are the result of pulmonary capillary hypertension with intra-alveolar 
transudation of fluid. This situation arises usually when the valve area is 25 per cent of normal 
or less and severity of symptoms generally parallels severity of stenosis. Peripheral congestive 
symptoms result from the effects of pulmonary arterial hypertension on right ventricular 
function and on blood flow. 

Pure mitral regurgitation can be associated with normal or abnormal systemic output and left 
ventricular function. Symptoms are related accordingly. 

In mixed mitral disease, the stenosis is seldom less than 25—40 per cent of normal in area. The 
pulmonary pressure-flow equilibrium is related to the degree of stenosis and the systemic output to 
the degree of regurgitation. 

Symptoms depend on the fact that the cardiac output is greatly decreased, while pulmonary 
and peripheral venous pressures are not unduly raised. Fatigue is usually prominent, dyspnoea 
usually moderate, and peripheral congestive signs usually absent. 
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This paper is based on a lecture given in London in 1953. 
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Simple pulmonary stenosis is relatively common. Wood (1950) considers it to account for 
12 per cent of cases of congenital heart disease and Campbell (1954) gives the figure of 10 per cent. 
The two largest series of cases to be reported are those of Abrahams and Wood (1951) 69 cases, 
and Campbell (1954) 100 cases. 

This paper deals with a consecutive series of 33 cases. The clinical features are briefly reviewed 
and evidence is sought to define more clearly the natural history of the disease. 

The age and sex distribution of the 33 cases are shown in Table I. All but one of them were 
originally referred to hospital as a result of a routine medical examination at school or at ante-natal 


TABLE | 


SIMPLE PULMONARY STENOSIS 
AGES AT THE TIME OF REVIEW, AND SEX DISTRIBUTION 


Age in years No. of cases Male Female 
0-10 9 3 6 
11-20 15 12 3 
21-37 9 I 8 
Total 33 16 ‘7 


clinics. Fifteen have been followed for more than 5 years and a further eleven for from 10 to 21 
years. The children were seen at six-monthly or yearly intervals until they left school and there- 
after less frequently. Three were referred back to the clinic during pregnancy and others returned 
specifically for the present review. 


SYMPTOMS 


Twenty-three patients had no symptoms. They led unrestricted lives and took part in every 
activity, including competitive sport, without handicap. Of the remaining ten patients nine 
complained of breathlessness. As in other types of heart disease the assessment of breathlessness 
was sometimes difficult; in every case heart disease had been diagnosed early, and because of this, 
some of the children had been restricted at school and at home, and in two patients other features of 
cardiac neurosis were present. It seemed clear, however, that the breathlessness was genuine in at 
least six, and three were considerably handicapped. In one of these three, physical capacity was 
limited, not only by breathlessness, but also by central chest pain, which was constantly related to 
more severe exertion. A second also complained of fainting attacks after effort. 

Additional features were failure to gain weight (1 case) and mental defectiveness (2 cases). 
Pulmonary stenosis was not considered to be the cause of these two conditions. 

* Carey Coombs Research Fellow in Cardiology. 
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SIGNS 


The external appearance was usually normal. Peripheral cyanosis of the lips and fingers was 
seen in a few cases, particularly in the cold. In the warm a rather bright pinkness of the cheeks was 
sometimes noted. Central cyanosis was observed in 4 cases. In three, slight finger clubbing was 
present, but one of the three had subacute bacterial endocarditis and the absence of clubbing had 
been noted at her previous attendance. All four with central cyanosis had polycythemia with 
hemoglobin levels of over 115 per cent. 

Conspicuous exaggeration of the venous “a’’ wave was observed in 7 cases. 
seen to disappear in at least one case with rest in bed. 

The cardiac impulse was of normal character in 22 cases. In the remaining 11 a right ventricular 
lift or heave was felt in the third left interspace midway between the apex beat and the centre of 
the sternum. There was as a rule no pulsation in the second left interspace, nor was pulmonary 
valve closure ever felt. 

A pulmonary systolic thrill and murmur were present in the second or second and third left 


interspace in every case, and were usually coarse. The second heart sound was split in 11, and 
single in 22 cases. 


This sign was 


Radiological Appearances. These are described by Abrahams and Wood (1951). Post-stenotic 
dilatation of the main pulmonary artery segment was well marked in 19 of this series, less well 
marked in 4, and absent in 10 cases (Fig. 1-2). Diminution of the pulmonary vascular markings 


was observed in three and considered probable in two others. Considerable increase in the trans- 
verse diameter of the heart was seen only once. 


The Electrocardiogram. The electrocardiographic pattern varied from normal to the most severe 
degree of right ventricular dominance (Fig. 4). The tall sharp P waves of right auricular 
hypertrophy were seen in seven instances. For convenience the electrocardiograms were divided 
into four grades as follows. 

Grade 1. Normal. 
Grade 2. Incomplete right bundle branch block. 
Grade 3. Right ventricular dominance without widespread inversion of the T waves. 


Grade 4. Extreme right ventricular dominance with widespread inversion of the T waves in 


the precordial leads, usually accompanied by T wave inversion in leads II, III, 
and VF. 


Cardiac Catheterization. This was carried out in 8 cases and the pulmonary artery was reached 


in seven. Systolic pressures in the right ventricle lay between 40 and 65 mm. in four cases and 
between 130 and 180 mm. Hg in four cases. 


CLINICAL COURSE 


There has been no symptomatic deterioration in most of these patients in the first three decades 
of life. A clear history of progressive dyspnoea was obtained in only 4 of the 10 with symptoms. 
Three of these were women of 24, 26, and 37 years: two of them had borne full-term babies with- 
out symptoms but subsequently became disabled by breathlessness, which was accompanied in one 
by anginal pain, and both are becoming increasingly cyanosed. The fourth patient, a man of 19, 
noticed increasing dyspnea and cyanosis on exertion and twice fainted after cycling uphill. 

In no case has there been radiological evidence of increasing heart size. In those where 
right ventricular enlargement was evident it was present in the earliest films and did not increase. 


In the only patient with gross cardiac enlargement, a girl of 23 years, the first film 5 years before 
showed the same degree of enlargement. 
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Fic. 1.—Examples of the radiological picture. (A) Normal. (B) Typical post-stenotic dilatation 
of the main pulmonary artery segment. 


Fic. 2.—Example of the radiological picture. Post- Fic. 3.—Calcification of the pulmonary valve 


stenotic dilatation, small aorta, prominence of the By courtesy of the Cardiac Department, 
right atrium and diminished pulmonary vascular St. Thomas’ Hospital. 
markings. 
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Fic. 4.—The four grades from normal to right ventricular strain in the electrocardiogram. 


Limb lead electrocardiograms were available for study from the date of first attendance and 
precordial leads more recently. In 28 cases no changes were found in the cardiograms over the 
years. This included all 17 cases with grade | and grade 2, and 10 of the 11 with grade 3 tracings. 
In 4 of the 5 cases with grade 4 tracings, increasing degrees of right ventricular dominance could 
be seen. A characteristic example is shown in Fig. 5 where T wave inversion is seen to develop 
successively in leads III, V2 to V4, and VF. 

Subacute bacterial endocarditis has occurred three times in two patients. The first, a girl of 13 
had an attack five years ago. The second, a woman of 37, also had an attack five years ago and is 
now being treated for bacterial endocarditis again. In both these patients there is evidence of 
deterioration, taking the form of progressive dyspnoea and polycythemia in one, and increasing 
cardiographic abnormality in the other. 

No case of pulmonary tuberculosis has come to light. 


DISCUSSION 


No attempt has been made in this series to distinguish between valvular and infundibular 
stenosis. In every case but one the thrill was high, being felt in the second or second and third 
left interspaces. In six of the seven where pressure tracings were obtained there was a single, 
abrupt rise of pressure at or near valve level when the catheter was withdrawn from the pulmonary 
artery to the right ventricle: in the seventh there was clear evidence of valvular and high infundibular 
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1943 


Fic. 5.—Increasing right ventricular dominance in the electrocardiogram. 


stenosis and this was confirmed at operation. It is probable, therefore, that this series does not 
include a case of low infundibular stenosis. Brock and Campbell (1950), Dow et al. (1950), and 
Kirklin et al. (1953) have all emphasized the difficulty or impossibility of distinguishing between 
valvular and high infundibular stenosis by pressure tracings. 

The clinical course of most of these patients has been uneventful. Usually there was no 
symptomatic, radiological, or cardiographic evidence of deterioration. The relative youth of the 
series as a whole is largely explained by the fact that nearly all came under observation while at 
school, and that in the course of years it becomes increasingly difficult to keep in touch with 
symptomless patients. It seems likely, however, that many of them will reach the later decades 
relatively symptomless. 

Such a case was recently brought to my notice by Dr. Michael Mathews of St. Thomas’ Hospital. 
This was a man of 65 years who was known to have an abnormal heart when he was discharged 
from the services in the first world war. In youth he played football regularly and he remained 
free of symptoms until the last year or two when he began to suffer from bronchitis and became 
breathless on hurrying. The cardiogram showed right bundle branch block and on fluoroscopy the 
pulmonary valve was seen to be heavily calcified (Fig. 3). 

Symptomatic deterioration has occurred in four patients, in each of whom increasing dyspnoea 
was paramount. Two of the four complained, in addition, one of fainting on exertion, and one of 
anginal pain. Progressive electrocardiographic changes have occurred in two patients who remain 
symptomless. 

The decision when to operate in this relatively symptomless condition has recently been discussed 
by Campbell (1954). We have taken as evidence of a severe stenosis, breathlessness, central cyanosis, 
in accentuated ‘‘ a”’ wave in the neck, a heaving right ventricle, diminished pulmonary vascular 

narkings, and extreme right ventricular dominance in the cardiogram. It is assumed that central 
-yanosis can only occur in those patients with a communication between the atria. 
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In the presence of increasing symptoms there is usually no difficulty in deciding to submit the 
patient to the risk of cardiotomy. Further observation may well show that better results are 
obtained by performing valvotomy when there are signs of increasing right heart hypertrophy 
rather than by waiting until breathlessness becomes evident, age advances, and right heart hyper- 
trophy becomes extreme. 

There seems at present little indication for operation in those patients who show no real evidence 
of right heart stress. 


SUMMARY 


Thirty-three patients with simple pulmonary stenosis are presented, the majority having been 
under observation for from 5 to 21 years. Two-thirds of them were symptomless. Six were 
breathless on exertion, four being markedly handicapped. 

The physical signs, radiological appearances, and electrocardiographic features are briefly 
reviewed. 

The clinical course has been studied. There was no evidence of deterioration in the majority. 
The question of operative intervention is briefly discussed. 


I am grateful to Professor C. Bruce Perry for permission to study these cases and to him and to Dr. D. H. Davies 
for their advice and criticism. Professor Neale and Dr. Apley have also allowed me to quote their cases. Dr. Michael 
Mathews and Dr. Ernest Jellinek of the Cardiac Department of St. Thomas’ Hospital kindly arranged for me to see 
one of their patients and provided Fig. 3 
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In reviewing all cases of congenital heart disease in which the diagnosis has been proved by 
means of cardiac catheterization at the National Heart Hospital and Brompton Hospital since 1948, 
we have been impressed with the infrequency with which cases of ventricular septal defect (V.S.D.) 
of the classical maladie de Roger type have been encountered. In the majority of cases sent to 
us with this label, the diagnosis proved wrong. On the other hand, most cases of V.S.D. were 
characterized by clinical features in no way covered by Roger’s description, and these also had 
been frequently mislabelled. It is high time, therefore, that the clinical features of these two 
conditions (V.S.D., and its mild form that alone can be called the maladie de Roger) were reviewed. 


HISTORICAL 


Roger published his classical description of ‘‘a communication between the two ventricles without 
morbus ceruleus ’”’ in 1879. A few excerpts from Wozencraft’s translation of this paper (Willius and Keys, 
1941) are pertinent to our thesis: ‘“* This cardiac anomaly has no objective symptom which the eye can 
recognize; it is dependent almost entirely on auscultation, . . .a murmur of remarkable intensity . . . accom- 
panied by no other physical signs (save only the purring thrill) . . . without alteration of general health.”’ 
The murmur was maximum in “* the superior third of the precordial region, and median.’ It was “** greatly 
prolonged, beginning with systole and always covering the two normal sounds: . . . the murmur is coincident 
with a strong impulse of the total mass of the heart, without any very appreciable impact at the apex... . 
In spite of the existence of an uncomplicated defect of the interventricular septum, patients may attain 
or even surpass the average span of human life.”’ Roger’s interpretation of the bruit was based on a chance 
autopsy he had performed in about 1861 on a boy of 12 who had died as a result of comminuted fracture; 
the boy had not been cyanosed in life, yet there was a ‘* failure of occlusion of the interventricular septum 
in its upper portion, without concomitant stenosis of the pulmonary artery.’ Roger was criticized for 
lack of autopsy proof of his thesis. 

In 1877 Decaisne published an autopsy report on an acyanotic girl aged 26 months, who died of ‘* some 
pulmonary mishap’ six weeks after being admitted to hospital. The clinical findings included a typical 
systolic murmur and thrill of the type described by Roger; but there was also “* considerable bulging,” and 
as previously stated the child died. In reciting this case Roger stated that pulmonary stenosis was excluded 
clinically because of the absence of cyanosis. At autopsy the ventricular walls showed no alteration, but 
in the upper portion of the interventricular septum there was an orifice establishing a communication between 
the two ventricles. Roger regarded this information as giving him “ proof on all points.” 

Reluctantly, we wish to dispute this: the italics in the above quotations are ours, and they signify that 
Roger was unaware that pulmonary stenosis with normal aortic root did not ordinarily give rise to cyanosis, 
and he could not therefore, have distinguished these conditions from V.S.D.; also that the case in which 
proof of the diagnosis was established died in infancy in a manner sharply reminiscent of the way cases of 
severe V.S.D. die today. 

Roger’s observations were confirmed by Dupré (1891) in a child, aged 4 years, who had the physical 
signs described by Roger and died of intercurrent disease. Here again the effect of the lesion could have 
been sinister. This was the first case of ventricular septal defect diagnosed in life and confirmed at necropsy; 
Dupré suggested that the name maladie de Roger should be applied to the condition. 

Later authors such as Perry (1931), Muir and Brown (1934), and East (1937), reported fairly large 
numbers of cases with the physical signs described by Roger. All remarked on the absence of symptoms 
in the condition, although one of Perry’s cases was cyanosed on exertion. During this period the diagnosis 
of maladie de Roger was based on the murmur and thrill described above, and was never seriously questioned . 
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The general attitude was expressed by Brown (1950): ‘‘ It is possibly the commonest of all congenital abnor- 
malities, but the condition is so benign and symptomless that many cases escape observation or are designated 
by some other diagnosis.”’ 

Weiss (1927) described a case of ventricular septal defect with a loud murmur and thrill in a man aged 
79 years who died from renal failure. Pallasse (1935) described a similar case which had been recognized 
20 years before by Gallavardin; the patient died at the age of 67 and the diagnosis was confirmed at necropsy. 
Cases of this kind bolstered up the slender thesis so vigorously put forward by Roger—that acyanotic cases 
of V.S.D. were free from symptoms, had a good prognosis, and could be recognized only by auscultation 
(apart from the thrill). 

In 1912, however, Gallavardin referred to two acyanotic cases of V.S.D. that had died of the disease 
in early childhood, and Laubry and Pezzi (1921) made a similar observation from the literature. Neverthe- 
less both these papers expressed the belief that V.S.D. was ordinarily well tolerated. Taussig (1948) was 
rather sceptical about the alleged cause of some of these harsh murmurs over the centre of the heart and 
remarked that the clinician seldom had the opportunity to check the accuracy of his diagnosis. She also 
drew attention to a more severe clinical picture when the defect was large. Marquis (1950) reported four 
serious cases of V.S.D. in children, two of whom died from heart failure. Finally, Wood (1950) drew a 
very different picture of V.S.D. to that usually accepted, and the views he then expressed will be elaborated 
in the present paper. Our findings are in fairly close accord with those of Joly, Carlotti, and Sicot (1951), 
and we agree with most of their conclusions. 

Embryology. We are in no position to discuss the embryology of V.S.D.; it has been described in 
detail by Keith (1909) and Spitzer (1923), and summarized by Brown (1950). 


FREQUENCY 


A totally erroneous impression of the frequency of V.S.D. has been given by authors who have 
estimated its incidence on the basis of Roger’s description. Thus Perry (1931) found it accounted 
for 35 per cent of all cases of congenital heart disease in a school cardiac clinic; Muir and Brown 
(1934), analysing similar material, put the figure at 37 per cent. East (1937) considered V.S.D. 
to be the most common of all acyanotic congenital heart anomalies. None of these clinical observa- 
tions was supported by physiological or pathological proof. Abbott (1932) found defects of the 
ventricular septum in 290 of her series of 1000 cases of congenital heart disease, but only 62 of 
them were uncomplicated (6%). Still (1924) found 4 cases of uncomplicated V.S.D. among 44 cases 
of congenital heart disease which had come to autopsy at the Hospital for Sick Children, Great 
Ormond Street. Many series were reported from centres in the United States and Canada. These 
are tabulated below together with the numbers of cases of congenital heart disease encountered at 
the same centres. The average incidence of V.S.D. in this material works out at 15 per cent, but 
not all the cases were uncomplicated. 

TABLE I 
INCIDENCE OF VENTRICULAR SEPTAL DEFECT 


Total necropsies 
Percentage with 


Authors Date Centre V.S.D 
| | Congenital heart V.S.D. 
| | disease 
Keech .. 1935 | Baltimore 75 12 16-0 
McGinn and White .. we 1936 Boston 67 5 75 
Terplan and Sanes_.. .. 1936 | Buffalo 21 4 19-2 
Nicholson .. 1936 | Washington 37 4 10-8 
Philpott. . 1937 Montreal 80 | 11 * 13-5 
Rannels and Propst .. 1937 Philadelphia | 36 7 19-4 
Szypulski 1937‘ Philadelphia | 
Ingham 1938 | Rochester 87 | 3 3-4 
Roberts .. 1937 | NewOrleans | 42 6 14:3 
Jacobius and Moore .. -. | 1938 | New York 169 29 17-1 
Gibson and Clifton .. .. | 1938 | Chicago | 105 12 11-4 
Ash, Wolman and Bromer .. 1939 | Philadelphia | 32 3 9-3 
Clawson 1944 | Minneapolis 141 37 25-2 


| 


* All complicated cases. 
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In a consecutive series of 750 cases of congenital heart disease personally studied by one of us 
(P.W.), isolated V.S.D. was found in 8 per cent. V.S.D. also occurred as part of the Eisenmenger 
Complex in another 2-5 per cent, and in conjunction with pulmonary stenosis with normal aortic 
root in another 2 per cent, making a total incidence of 12-5 per cent, discounting cases of Fallot’s 
tetralogy (11°), pulmonary atresia (1-5°,,) and transposition (1%). These figures agree fairly well 
with those tabulated from the U.S.A. 

Uncomplicated isolated V.S.D. ranked only fifth in order of frequency in our series, the six 
commonest forms of congenital heart disease being as follows: 


per cent 
Uncomplicated isolated pulmonary stenosis. 13 
Uncomplicated isolated patent ductus. ‘ 12-5 
Uncomplicated isolated V.S.D. . 8 


If these figures approximate at all closely to the true relative frequency of these malformations, 
and there is good reason to believe that they do, then at least half, if not two-thirds, of the cases of 
V.S.D. reported by Perry (1931) and by Muir and Brown (1934) must have been diagnosed in error. 
This conclusion is supported by the remarkable rarity of uncomplicated pulmonary stenosis in 
these and similar reports prior to about 1950 (Abrahams and Wood, 1950), and by the fact that 
until very recently a positive diagnosis of V.S.D. made elsewhere (usually by a consulting physician) 
was proved wrong by means of cardiac catheterization twice as often as it was proved right (Wood, 
1950). 


NOMENCLATURE 


The generally accepted clinical picture of V.S.D. has not altered appreciably since Roger’s 
original description. Dupré (1891), in confirming Roger’s observations, referred to the systolic 
murmur of V.S.D. as the Roger murmur, after which the condition became generally known as 
maladie de Roger. Gallavardin (1912), however, considered that the term maladie de Roger 
should be reserved for cases which complied with the syndrome described by Roger and should 
not apply to those cases in which ventricular septal defect was badly tolerated. Laubry and Pezzi 
(1921), on the other hand, thought that all simple defects of the ventricular septum should be 
classified as maladie de Roger. Taussig (1947) divided V.S.D. into two groups, those with small 
defects and little or no disability which she called maladie de Roger, and those with large defects 
situated high up in the ventricular septum which she referred to as high ventricular septal defects. 
She considered that the latter group differed from the maladie de Roger in that blood was shunted 
‘rom the left ventricle directly into the pulmonary artery causing it to dilate. Selzer (1949) has 
criticized this concept, showing that in the vast majority of cases the defect is ** located in and anterior 
‘o the membranous septum, connecting the area of the left ventricle immediately underneath the 
aortic valves with that of the right ventricle in front of the median leaflet of the tricuspid valves.” 
Our physiological findings (vide infra) offer no support to the view that large defects with greatly 
‘ncreased pulmonary blood flows are situated higher than the small defects of maladie de Roger, 
or that blood is ever shunted directly into the pulmonary artery. 

We feel ourselves that ventricular septal defect is the best label for the condition that it describes, 
‘nd that it may be properly qualified by an adjective of degree, such as mild, moderate, or severe; 
ve agree with Gallavardin that the term maladie de Roger, if used at all, should be reserved for 
hose mild and symptomless cases that are characterized by the Roger thrill and murmur only. 


MATERIAL 


The 60 cases that comprise the basis of this report were seen privately, at the National Heart 
lospital, or at the Brompton Hospital for Diseases of the Chest. In the majority (40) and in all 
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doubtful cases, the diagnosis was proved by means of cardiac catheterization. Doubtful cases, not 
yet investigated physiologically, have been excluded in view of the frequency of wrong diagnosis 
in this group. It has been suggested that the shunt in the maladie de Roger could be too small to 
be detected by means of cardiac catheterization; while admitting that defects measuring | to 2 mm. 
in diameter could not be detected with our technique, as discussed later, the fact remains that a 
different explanation for the physical signs was usually demonstrated. Nor are we prepared to 
accept the evidence that small ventricular septal defects occasionally close spontaneously, as 
described by Parkes Weber (1918) and others; unless the existence of the defect was proved beyond 
question, its apparent closure is more easily explained by supposing that the original diagnosis 
was wrong (Taussig, 1947). : 

Age and Sex. Of the 60 cases in our series, 30 were male and 30 female. In Selzer’s series of 
92 post-mortem cases mostly collected from the literature there were 46 males and 42 females 
(Selzer, 1949). The sex ratio is therefore about equal. 

The number of cases in each age group is given below: 


Years No. of Years No. of 
cases cases 
0-5 ; . 14 21-30 . 
11-15 : ES 41-60 . 


Classification. The cases under review were classified as mild (22), moderate (18), severe (12), 
or pulmonary hypertensive (8) according to the degree and manner in which the physiology of the 
circulation was disturbed. This was assessed on clinical, radiological, and electrocardiographic 
grounds and confirmed by cardiac catheterization. Clinically mild cases answering to the classical 
description of Roger had normal cardiograms and skiagrams, and a pulmonary blood flow about 
one and a half times the systemic flow. Cases of moderate severity suffered no disability, but had 
distinctive physical signs in addition to the Roger thrill and murmur, and showed characteristic 
cardiographic and radiological changes; in these the pulmonary blood flow was between two 
and three times the systemic flow. Severe cases usually had some physical disability, and the 
physical signs of V.S.D. were florid; electrocardiographic and X-ray changes were also gross, and 
the pulmonary blood flow was three to five times the systemic flow. 

Cases of V.S.D. with bidirectional or reversed shunt (Eisenmenger’s Complex), due to a high 
pulmonary vascular resistance (averaging 15 units) have been excluded from this study and will 
be reported separately. A borderline group of severe cases with vasoconstrictive pulmonary 
hypertension and unidirectional left to right shunt is included, however, and in these the pulmonary 
blood flow was only about twice the systemic flow. 


CLINICAL DIAGNOSIS 


As previously stated, the diagnosis of ventricular septal defect has undoubtedly been made too 
frequently in the past, partly because it was considered to be the commonest form of congenital! 
heart disease, and partly because other lesions that may cause the thrill and murmur described by 
Roger have not been sufficiently recognized. To cause confusion the murmur, usually accompanied 
by a thrill, should be more or less over the centre of the heart and unaccompanied by other obvious 
physical signs. A short discussion on the other common causes of such a murmur is included 
in the section on differential diagnosis. 

The differential diagnosis of the maladie de Roger will be considered later after the clinica 
features of V.S.D. have been properly described. For the moment it must suffice that severa. 
examples of each of the seven conditions that are included there have been sent up to us with the 
tentative diagnosis of maladie de Roger. 
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General Appearances. Growth may have been restricted in severe cases, but not when the 
lesion was mild or moderate. The facies was normal or lean, never bloated, and rarely high 
coloured. Central cyanosis was excluded by definition. Neither arachnodactyly nor any other 
extra-cardiac congenital anomaly was especially associated with V.S.D., although thoracic defor- 
mity was noted in several instances. 

The Pulse. The peripheral pulse was normal in the maladie de Roger, rather small in cases of 
moderate severity, and obviously small in severe V.S.D. In several instances it was also a little 
collapsing, like the pulse of mitral incompetence. 

The jugular venous pressure and pulse were invariably normal unless there was heart failure. 

The Cardiac Impulse. The increased pulmonary blood flow in V.S.D. is pumped equally by 
both ventricles. A hyperdynamic left ventricular cardiac impulse was recorded in two-thirds, 
i.e. in all but mild cases, and was as a rule more obvious than the lift over the right ventricle. The 
only cases in which the right ventricular lift sometimes dominated the cardiac impulse were those 
in which the pressures in the two circulations were equal, and the resistance was raised. In purely 
hyperkinetic pulmonary hypertension due to a large shunt, the left ventricle was nearly always 
clinically dominant. Only in the maladie de Roger proper was the cardiac impulse normal. 

Pulsation over the pulmonary artery was less common than in A.S.D., but by no means rare. It 
was always associated with pulmonary hypertension, whether hyperkinetic or due to a high resistance. 

Thrills. A systolic thrill was associated with the Roger murmur in 90 per cent of the cases. 
It was missing in the three mild cases, in two with moderate sized defects, and in two with marked 
pulmonary hypertension; it was never absent in severe cases with gross pulmonary plethora. Thus 
the clinical diagnosis of V.S.D. (without pathological proof) is barely tenable in the absence of a 
thrill; yet in their series of 40 clinical cases previously referred to Muir and Brown (1934) found a 
systolic thrill in only one-third. 

Murmurs. In his original description Roger (1897) described the characteristic murmur of 
V.S.D. as * surprisingly loud, extending right through systole covering both heart sounds, and with 
its maximal intensity in a site atypical of acquired heart disease, namely over the upper third of the 
precordial region and chiefly median.”” Dupré (1891), however, stated that the murmur was 
maximal in the third left interspace. Later writers have described the murmur as being rough 
and vibrous (Laubry, Routier, and Soulie, 1933); low and blowing (White, 1944), and harsh (Levine, 
1951); but little can be added to Roger’s original description (Brown, 1950). 

The murmur was loud in all but six of our cases and was usually discovered during routine 
medical examination. It was maximal in the third intercostal space at the sternal edge, in about 
half, but was a little lower (third and fourth spaces) in a quarter, and lower still (fourth space) in 
a quarter; it was maximal high up in the second space in only two instances. There was no correla- 
tion between the site of maximum intensity of the murmur and any of the other clinical or physio- 
logical findings. Phonocardiograms, when recorded, confirmed Roger’s observation that the 
murmur began early and spilled over the aortic second sound (Fig. 1); this at once distinguished 
‘he murmur from that of aortic stenosis (Leatham, 1951), but not from the murmur of 
mitral incompetence. 

A functional mitral diastolic murmur (Fig. 2), noted by Laubry and Pezzi (1921) and more 
recently described by Wood (1950) who attributed it to a torrential mitral blood flow, was heard 
n 90 per cent of uncomplicated severe cases, in 60 per cent of those with a moderate shunt (either 
noderate sized defects, or severe cases modified by a raised pulmonary vascular resistance), and 
n 10 per cent of mild cases. 

A pulmonary diastolic murmur was heard in 14 per cent of the whole series, but only in those 
vith marked pulmonary hypertension, either hyperkinetic or due to high resistance. 

The Heart Sounds. The second heart sound was normally split in uncomplicated V.S.D. when 
oth elements could be identified, but the long rough murmur often hampered analysis. The split 
vas close, however, when there was pulmonary hypertension, especially when the resistance was 
aised, and the second or pulmonary component was then accentuated. 
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Fic. 1.—Phonocardiogam illustrating the pansystolic Fic. 2——Phonocardiogram showing a _ functional mitral 
murmur of ventricular septal defect. HF, high diastolic murmur due to torrential mitral blood flow 
frequency; LSE, left sternal edge,; LF, low fre- (top tracing). Lettering as for Fig. 1. 
quency; MA, mitral area; PA, pulmonary area. 


A third heart sound was frequently heard over the left ventricle, owing to the rapid early filling 
of that chamber. 


RADIOLOGY 


The earliest description of the radiological signs of V.S.D. is that of Vaquez and Bordet (1913) who 
described the heart as globular and overacting; this was confirmed by Laubry and Pezzi (1921). Roesler 
(1943) stated that when the defect was small there was little or no change in the shape of the heart, but that 
minor degrees of hypertrophy and dilatation of one or both ventricles was common; also that the pulmonary 
artery was often slightly dilated. When the shunt was large, enlargement of the right ventricle and pul- 
monary artery was more conspicuous, but then he suspected an associated congenital anomaly. To quote 
his own words: “* radiological examination may be entirely negative or may show globular enlargement 
sometimes with associated prominence of the pulmonary artery. Very marked prominence of the conus, 
pulmonic arch, and in some cases of the interpulmonic vessels, together with a considerable right sided 
enlargement, must make one consider the presence of an Eisenmenger complex or associated anomalies.” 

Brown (1950) considered the globular shape to be rare and stated that there was generally no alteration 
in the size and shape of the heart shadow. ‘* There may be some slight enlargement of the heart as a whole, 
with a tendency towards the assumption of a globular form in cases where there is a large septal defect. 
The pulmonary artery may be slightly dilated, imparting a straight left border to the heart. Considerable 
enlargement of the pulmonary artery and its branches . . . is exceptional and may be ascribed to structural 
changes in the pulmonary artery or to an associated patent ductus arteriosus.” 


In our series the radiological appearances were characteristic, although not necessarily diagnostic, 
and comprised varying degrees of pulmonary plethora (with or without a hilar dance), dilatation 
of the pulmonary artery, a small aorta, and enlargement and hyperactivity of both ventricles, 
especially the /eft, and fullness or slight dilatation of the /eft atrium but not of the right (Fig. 3). 
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Fic. 3 } Fic 4. 


Fic. 3.—Skiagram showing small aorta, slight dilatation of the pulmonary artery, considerable enlargement of both 
sides of the heart, particularly the left ventricle, and conspicuous pulmonary plethora in a case of severe ventricular 
septal defect with normal pulmonary resistance. 


Fic, 4.—Normal radiological appearances in a case of maladie de Roger. 


16.5) Fic. 6 


FIG. 5.—Skiagram in a case of severe ventricular septal defect with slightly elevated pulmonary vascular resistance 
and considerable shunt, showing gross dilatation of the pulmonary artery and its proximal branches—there was 
a conspicuous hilar dance. 


“IG. 6.—Skiagram in a case of ventricular septal defect with severe aortic incompetence showing considerable enlarge- 
ment of the left ventricle and very little pulmonary plethora. 
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The larger the shunt the more obvious these changes, and it was only in the mildest cases of maladie 
de Roger that the X-ray appearances were within normal limits (Fig. 4). In cases of V.S.D. with 
a raised pulmonary resistance the pulmonary artery and its proximal branches were more dilated 


than in uncomplicated cases (Fig. 5), and the peripheral pulmonary vascular markings were 
lighter. 


THE ELECTROCARDIOGRAM 


This was usually in close keeping with the physiological situation. Thus in maladie de Roger 
it was always normal, as it also was in half the cases of moderate severity. In the more severe 
cases, however, the tracing was always abnormal: as a rule, there was evidence of both left and 
right ventricular enlargement, there being deep Q waves, tall R waves, and perhaps inverted U 
waves, in leads V5 or V6, and small secondary R waves and perhaps inverted T waves in leads V1 
and V2 (Fig. 7). When the pulmonary resistance was low and the shunt large, the graph was 
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FIG. 7.—Electrocardiogram in a case of ventricular septal defect showing a conspicuous Q wave 
in lead V6 over the left ventricle, and appreciable secondary R waves with inverted T waves 
in leads VI and V3R due to dilatation of the right ventricle. 


occasionally purely left-sided, and in one instance the T waves were inverted in leads V5 and V6 
(Fig. 8). When the pulmonary resistance was raised, the tracing was more likely to show right 
ventricular preponderance, but large Q waves in leads V6 and VL still pointed to enlargement of 
the left ventricle as well (Fig. 9). In 20 per cent of the whole series there was partial right bundle 
branch block as in atrial septal defect (Fig. 10), but in half of these cases deep Q waves in leads V5 
and V6 or relatively deep S waves in leads V1 and V2 (over 6 mm.) suggested enlargement of the 
left ventricle in addition (Fig. 11). 

Complete heart block, once considered to be not infrequently associated with ventricular septal 
defect (Yater et al., 1933), was encountered only once. 
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cular septal defect with low resistance. Note the large Q waves and inverted T waves in V5, 
V6, VL, and standard lead I. 
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waves in leads V6, VL, and standard lead I, however, still point to a powerful left 
ventricle as wel!. 
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Fic. 10.—Electrocardiogram in a case of ventricular septal defect showing a partial right bundle 
branch block pattern as in atrial septal defect. 


Fic. 11.—Electrocardiogram in a case of severe ventricular septal defect showing partial right 
bundle branch block from dilatation of the right ventricle, and normal Q waves in leads V5 
and V6 with deep S waves in V2 suggesting enlargement of the left ventricle as well. 
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PHYSIOLOGICAL STUDIES 


Of the 60 cases under review, 40 were proved by means of cardiac catheterization (see Table II). 
In 15 cases of maladie de Roger the average difference in oxygen saturation between pulmonary 
artery and right atrial samples was 7-5 per cent, the range being 4 to 13, and only two out of the 
15 showing a difference of more than 10 per cent. The average pulmonary blood flow was 1-4 
times the systemic flow, the range being 1-2 to 1-9 times. In only one-third of the cases of maladie 
de Roger was there any difference between samples taken from the infundibulum and from the 
body of the right ventricle, but in these 5 the difference was significant, for the infundibular sample 
was approximately the same as that from the pulmonary artery, whereas samples from the body 


TABLE IT 
PHYSIOLOGICAL DATA IN VENTRICULAR SEPTAL DEFECT 
Gain in O2 Pulmonary blood Estimated size ef 
saturation of R.V. flow expressed as Pulmonary defect (transverse 
samples multiples of hypertension diameter) 
systemic flow 
Maladie de Roger 4 to 13% 1-2 to 1-9 Absent 3to5 mm. 
Av. 7-57, Av. 1-44 
Moderate V.S.D. 9 to 22% 2 to 3 Trivial 5 te 10 mm. 
Av. 13-5% Av. 2:3 
Severe V.S.D. 18 to 33% 3to 5 Hyperkinetic 10 to 15 mm. 
(uncomplicated) Av. 28% Av. 4 
Severe V.S.D. with 7 to 18% 1-7 to 2°8 Considerable 10 to 15 mm. 
high pulmonary vas- Av. 12°5% Av. 2 
cular resistance | 


of the right ventricle were approximately the same as those from the right atrium. This difference 
was never found in the more severe cases of ventricular septal defect. The pulmonary vascular 
resistance was normal in these 15, and the pulmonary blood flow was always insufficient to cause 
hyperkinetic pulmonary hypertension; in other words, the pulmonary blood pressure was invariably 
normal in maladie de Roger. 

There were 10 cases judged to be of moderate severity on clinical and radiological grounds: in 
these the difference in oxygen saturation between pulmonary artery and right atrial samples was 
13-5 per cent, the range being 9 to 22, or nearly double the figure in the maladie de Roger; as pre- 
viously stated, there was no difference between samples obtained from the infundibulum and from 
the body of the right ventricle, and these were both much the same as the pulmonary artery samples. 
The pulmonary blood flow averaged 2-3 times the systemic flow, the range being 2 to 3 times: in 
these 10 cases it was insufficient to cause more than trivial hyperkinetic pulmonary hypertension. 

There were 7 severe cases with the pulmonary vascular resistance normal or under 5 units (400 
dynes sec./cm.5): in these the difference in oxygen saturation between pulmonary artery and right 
atrial samples averaged 28 per cent, the range being 18 to 33; there was again no difference between 
infundibular and right ventricular samples, both of which approximated closely to samples from 
the pulmonary artery. The average pulmonary blood flow was 4 times the systemic blood flow, 
the range being 3 to 5 times. Hyperkinetic pulmonary hypertension (Fig. 12) was moderate in 
2 instances, considerable in 2, and gross in 3 ; in these last 3, the pressures in the two circulations 
were balanced despite the fact that the pulmonary vascular resistance was not high (Fig. 13). 

The fourth group comprised 8 severe cases with a high pulmonary vascular resistance, averaging 
) units (720 dynes sec./cm.5): in these the pressures in the two circulations were also balanced, but 
the shunt was far less, the pulmonary blood flow averaging only twice the systemic flow, with a 
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FiG. 12.—Pressure tracings from a case of ventricular septal defect showing 
hyperkinetic pulmonary hypertension; note that the systemic arterial pressure 
is higher than the right ventricular systolic pressure. 


FiG. 13.—Pressure tracings from a case of severe ventricular septal defect 
showing equalization of pressures in the systemic and pulmonary circula- 
tions despite the absence of a high resistance (R = 4-5 units or 360 dynes 
sec./cm5). 


range from 1-7 to 2-8; the shunt was necessarily unidirectional (from left to right) since Eisen- 
menger’s complex was excluded by definition. Here again there was no difference between high 
and low right ventricular samples. The average difference in oxygen saturation between pulmonary 
artery and right atrial samples was 12-5 per cent, the range being 7 to 18. The shunt in these 
8 cases was much the same as in the group of moderate severity without a raised resistance; since 
the pressure gradient across the defect was obviously different in these two groups, the defect 
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must have been relatively large in those with a high pulmonary vascular resistance, probably at 
least as large as in the severe cases with a relatively low resistance and large shunt. It is clear that 
this pulmonary hypertensive group is closely related to Eisenmenger’s complex, and if the resistance 
had been a little higher the shunt would have been reversed or bidirectional. Just why the pul- 
monary resistance was high in half the cases with a large defect and not high in the other half is 
unknown, but may depend upon some inherent difference in the individual response to pulmonary 
blood flows potentially greater than 3 times the systemic flow (Wood, 1952). The pulmonary 
resistance does not rise unless the defect is over a critical size. It may be added here that Nature 
is quite prepared to allow patients with large ventricular septal defects to die from heart failure 
without attempting to limit the shunt by raising the pulmonary vascular resistance. Finally, there 
is reason to believe that a high pulmonary vascular resistance does not develop slowly over the 
years, but is determined at or shortly after birth; in other words, it may be a matter of the feetal 
pulmonary resistance failing to drop rather than the other way round, as suggested by Civin and 
Edwards (1950). 


V.S.D. wiTH AORTIC INCOMPETENCE 


Laubry and Pezzi (1921) described the autopsy of a case in which a high V.S.D., lying just 
below the aortic valve, had caused one of the valve cusps to be drawn down by a fibrous band 
towards the defect rendering the valve incompetent. Later Laubry, Routier, and Soulié (1933), 
describing the murmurs of V.S.D., referred to two cases with loud aortic diastolic murmurs and 
high pulse pressures; at necropsy both had a ventricular septal defect to which a cusp of the aortic 
valve was tethered by means of a fibrous band. They assumed that the aortic insufficiency was 
developmental and not infective in origin. More recently, Routier ef al. (1949) described two 
further cases aged 5 and 13 years with similar features, and in these cardiac catheterization showed 
increased oxygenation of the blood in the pulmonary arteries, so that a diagnosis of patent ductus 
was made; the error was discovered at operation, which resulted in the death of one of the patients. 
Necropsy revealed the same kind of distortion of the aortic cusps. 

Two cases of V.S.D. associated with marked aortic incompetence were diagnosed during the 
period under review, in addition to the 60 with isolated V.S.D. comprising the main series. One 
of them died suddenly in bed before any investigations were carried out, but in the other the diagnosis 
was confirmed as far as possible by means of cardiac catheterization. The fatal case, a young 
woman aged 21, had been known to have heart disease since the age of one year and had always 
complained of palpitation, fatigue, and shortness of breath on exertion. Her disability was in- 
creasing and she was no longer able to work. She was of good physique, and there was no cyanosis 
or clubbing. The pulse was markedly collapsing, Corrigan’s sign was conspicuous in the neck, 
and the blood pressure was 110/50. A hyperdynamic left ventricular thrust was felt in the fifth 
left interspace, 13-5 cm. from the midline, but no pulsation could be felt over the right ventricle. 
A systolic thrill, accompanied by a loud pansystolic murmur, was present in the third and fourth 
left interspaces, and was followed by a long blowing aortic diastolic murmur. There was no 
evidence of pulmonary hypertension and there was no functional mitral diastolic murmur. The 
cardiogram showed considerable left ventricular preponderance (Fig. 14). Radiography showed 
a greatly enlarged hyperdynamic left ventricle, some enlargement of the right ventricle, no dila- 
‘ation of the pulmonary artery, and only slight pulmonary plethora (Fig. 6). 

At necropsy there was an oval defect measuring about 2 cm. in length in the membranous part 
of the ventricular septum; the anterior aortic cusp was partly prolapsed into the defect and was 
nuch thickened and rolled at its edge (Fig. 15). There was extensive subendocardial fibrosis at 
‘he base of the valve. 

The other case was proved to have a V.S.D. by means of cardiac catheterization. There were 
narked signs of aortic incompetence in addition to those of V.S.D. 

The syndrome is described in some detail because it is apt to be mistaken for patent ductus and 
nay lead to a profitless and dangerous operation. 
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Fic. 14.—Electrocardiogram in a case of ventricular septal defect complicated by severe aortic 
incompetence showing considerable enlargement of the left ventricle alone. 


V.S.D. WITH PULMONARY STENOSIS 


Like atrial septal defect, V.S.D. may be associated with pulmonary stenosis and normal aortic 
root (Abrahams and Wood, 1950); the stenosis may be mild, moderate or severe, and may be 
valvular, infundibular, or both. The shunt is ordinarily unidirectional from left to right. 

In our series of 750 cases of congenital heart disease, there were 11 with this combination, ex- 
cluding 10 cases diagnosed as acyanotic Fallot’s tetralogy (vide infra) some of which may have had 
a normal aortic root. Accurate clinical diagnosis depended on recognizing characteristic features 
of both conditions; but as a rule only the more important lesion was diagnosed at the bed-side, the 
subsidiary anomaly being revealed later by means of cardiac catheterization. In fact the stenosis 
was mild in six cases, and these were all diagnosed clinically as mild or moderate V.S.D.; in the 
other five the stenosis was moderate or severe, and the V.S.D. was initially overlooked. Severe 
pulmonary stenosis with normal aortic root and reversed interventricular shunt cannot be dis- 
tinguished from Fallot’s tetralogy, except at necropsy. 


(A) DIFFERENTIAL DIAGNOSIS OF SMALLER DEFECTS 


From Maladie de Roger. When there is little abnormal other than a systolic thrill and murmur 
maximal around the third left interspace the diagnosis lies between maladie de Roger and other 
conditions. We are now in a better position to sort out the confusion. The list of possible 
causes for such a murmur and thrill is a long one and includes, 


(1) Mild pulmonary valve stenosis with normal aortic root. 

(2) Mild infundibular stenosis with normal aortic root. 

(3) Acyanotic examples of Fallot’s tetralogy. 

(4) Mild aortic or subaortic stenosis. 

(5) Mitral incompetence with anticlockwise rotation. 

(6) Relatively mild atrial septal defect. 

(7) So-called ** innocent left parasternal murmur,’’ whatever that may be. 
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Fic. 15.—Pathological appearances in a case of ventricular septal defect complicated by aortic 
incompetence showing the anterior aortic cusp (A) prolapsed into the defect, and ex- 
tensive fibrosis at the base of the valve. 


Mild pulmonary valve stenosis with normal aortic root may be recognized by the higher position of the 
thrill and murmur (usually maximal in the second space), by the slight delay in pulmonary valve closure 
causing rather a widely split second heart sound, and by the post-stenotic dilatation of the pulmonary 
artery. The latter is especially valuable for it is not a feature of the maladie de Roger, occurring in V.S.D. 
only when the pulmonary blood flow is considerable or when there is associated pulmonary hypertension. 

Mild infundibular stenosis with normal aortic root is very difficult to distinguish from maladie de Roger, 
because the thrill and murmur are relatively low in each, and the pulmonary artery is not dilated; delay in 
pulmonary valve closure points to infundibular stenosis, but may be difficult to recognize clinically in truly 
mild cases. Pure infundibular stenosis may be thought too rare to bother about, but in our series of 750 

cases of congenital heart disease its incidence was 2 per cent, which was nearly as high as that of maladie de 
Roger (3 per cent). There can be no doubt at all that many cases diagnosed clinically as maladie de Roger 
really have mild infundibular stenosis. ‘We have made this mistake ourselves several times and will make 
t again, for if we cannot tell the difference from the second heart sound we have no other clinical means of 
listinguishing them. Cases of moderate severity, whether V.S.D. or infundibular stenosis, present no 
lifficulty, but here we are not concerned with these. 

Mild aortic and subaortic stenosis should be distinguished by the delayed onset and relatively short 
{uration of the systolic murmur, which begins after the first heart sound and ends just before the second 

Leatham, 1951). Again, in aortic stenosis there is usually demonstrable retraction over the right ventricle, 
he lesion being purely left-sided. Finally, the second heart sound may be single in aortic stenosis, the aortic 
lement being delayed. Despite these distinguishing features, confusion may certainly arise, and we plead 
uilty to having made the error more than once. 
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Mitral incompetence with anticlockwise rotation of the heart and atrial septal defect will be considered 
in the later section on the differential diagnosis of V.S.D. with larger shunt. 

Innocent left parasternal murmur remains to be discussed. The label refers to cases that have a loud 
systolic murmur without a thrill in the third or fourth left intercostal spaces near the sternum in the absence 
of demonstrable heart disease (Evans, 1948). Physiological investigations reveal nothing abnormal. 
When the sternum is depressed a nurmur of this kind might be explained by turbulance set up by slight 
compression of the outflow tract of the right ventricle, and when the murmur varies greatly with respiration 
it may be ascribed to sudden expansion of a small segment of lung which has been compressed by the heart 
in diastole; but in the majority of cases these explanations are untenable. If the murmur is pansystolic a 
pin head defect of the ventricular septum is difficult to exclude, but it would have to be no more than | to 
2 mm. in diameter. A defect of this size would pass less than half a litre a minute, and this could not be 
detected by ordinary methods of investigation. It should be clearly understood, however, that the great 
majority of cases referred to us erroneously as maladie de Roger were proved to have some other anomaly: 
relatively few were finally diagnosed as innocent left parasternal murmur. 


ACYANOTIC FALLOT’S TETRALOGY 


In our consecutive series of 80 cases of Fallot’s tetralogy, ten (12-5°,,) were acyanotic at rest, 
exhibited no clubbing of the fingers or toes, had hemoglobin values not exceeding 100 per cent 
(with one exception), and arterial oxygen saturations ranging from 87 to 97 per cent. None of 
these was referred to us with the correct diagnosis, and several were believed to have maladie de 
Roger; we made this mistake once ourselves, although we should not have done so. There was 
no clear history of cyanosis on effort in any of them, but we were able to demonstrate it in four. 
The clinical features were similar to maladie de Roger in that the arterial and venous pressure and 
pulse were normal, the heart was quiet, neither left nor right ventricle being convincingly enlarged 
clinically, and the loud systolic murmur accompanied by a thrill was maximal around the third 
space; but the second heart sound was single in all but one of the ten cases with Fallot’s tetralogy 
and was very widely split in the exception. Thus the second heart sound alone should prevent 
confusion. 

The X-ray appearances were not very helpful, for the pulmonary vascular markings were usually 
normal or nearly so, the heart was more or less normal in shape, and the pulmonary artery was not 
dilated or conspicuously hypoplastic. A right-sided aortic arch was not seen. 

The electrocardiogram usually showed some evidence of right ventricular hypertrophy in the 
acyanotic cases of Fallot’s tetralogy, whereas it was commonly normal in maladie de Roger. This 
is the second important point in differential diagnosis; but a normal cardiogram does not absolutely 
exclude acyanotic Fallot’s tetralogy, for it was seen in three of the ten cases. 

The third important difference is historical, those with maladie de Roger invariably being 
symptom free, whereas all those with acyanotic Fallot’s tetralogy had some degree of effort intoler- 
ance, the average grade being 2/4; moreover, four of them squatted when breathless. 

Physiologically these cases differed from the classical type only in the absence or near absence 
of a right-to-left shunt at rest. The right ventricular systolic pressure was identical with that in 
the aorta or brachial artery in all, and the pulmonary artery pressure was low (normal in three 
cases). Shunting was negligible in three, bidirectional in one, slight from right to left only in five, 
and slight from left to right only in one. The resistance offered by the obstruction was obviously 
very similar to the systemic resistance. When there was no appreciable shunt either way the 
presence of the defect in the interventricular septum was proved by passing a catheter through it. 
either during physiological investigation or at operation (all ten cases were operated on). 


(B) DIFFERENTIAL DIAGNOSIS OF LARGER DEFECTS 


Mitral incompetence with anticlockwise rotation of the heart gives rise to a rather small, slightly water- 
hammer pulse, hyperdynamic left ventricle without medial retraction, pansystolic murmur and thrill maximal 
in the fourth interspace in the left parasternal line, accentuated third sound, and short faint mitral diastolic 
murmur—physical signs also characteristic of V.S.D. The cardiogram, however, may show a P mitrale 
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and pure left ventricular dominance in mitral incompetence, and X-rays reveal dilatation and systolic 
expansion of the left atrium, absence of pulmonary plethora, pulmonary venous congestion in severe cases, 
and perhaps calcification of the mitral valve. 

Atrial septal defect is recognized by the cardiac impulse, which is purely right ventricular, by wider 
splitting of the second heart sound, partial right bundle branch block without anything to suggest left 
ventricular enlargement as well, and dilatation of the right atrium radiologically. Of course it is only 
those cases of A.S.D. with a systolic thrill and murmur over the right ventricular outflow tract that are 
likely to cause confusion at all. 

A.S.D. and V.S.D. are more likely to be confused when there is associated pulmonary hypertension due 
to a raised pulmonary vascular resistance, for the right ventricle then tends to dominate the clinical picture 
in both conditions, and the cardiogram and X-ray appearances are more alike; moreover, the second heart 
sound in A.S.D. becomes more closely split, so that all the major points of difference may disappear. To 
add to the difficulty, patent ductus complicated by a high pulmonary vascular resistance may present a 
similar picture. In such cases accurate diagnosis may have to await cardiac catheterization. 


PROGNOSIS 


During the five-year period in which the 60 cases of isolated V.S.D. were seen, none have died. 
During the same period one case of V.S.D. associated with coarctation died during an attempt to 
repair the coarctation, and one patient with V.S.D. associated with gross aortic incompetence died 
spontaneously. In the group with Eisenmenger’s complex there have been no deaths, and none 
of those with V.S.D. associated with pulmonary stenosis have died. In so short a period, however, 
it is not possible to provide any valuable information in respect of final prognosis from our own 
experience. 

While considering the prognosis to be favourable most authors have stressed the danger of 
superimposed bacterial endocarditis. Thus 57 per cent of the cases of maladie de Roger reported 
by Gelfman and Levine (1942) developed bacterial endocarditis, and Welch and Kinney (1948) 
recorded 6 instances among I! cases of V.S.D. On the other hand Perry (1937) witnessed only 
one instance out of 87 alleged cases of maladie de Roger, and Muir and Brown (1934) encountered 
none in their series. The truth must lie somewhere between these extremes, and of course any 
necropsy series will yield a higher incidence of bacterial endocarditis than a clinical series. Selzer 
(1949) collected 80 cases confirmed at necropsy in which subacute bacterial endocarditis was the 
cause of death in 18 (22%). We have seen only one infected case during the five years in which 
we have studied the disease, i.e. one out of a total of 92 cases, if Eisenmenger’s complex and V.S.D. 
associated with simple pulmonary stenosis are included. The true incidence is obviously unknown, 
but is unlikely to exceed 10 per cent. 


DISCUSSION 


From the foregoing data it will be appreciated that isolated V.S.D. is neither so common nor 
so innocent as is generally believed. 

It seems to be only slightly more common than coarctation of the aorta, these two ranking fifth 
and sixth in order of frequency in our series of 750 cases of congenital heart disease. If the 20 
cases of Eisenmenger’s complex in the series are added, and also the two cases with aortic incom- 
petence, the relative incidence of V.S.D. becomes 11 per cent, which brings it up level with Fallot’s 
‘etralogy to equal fourth place. If the six cases of V.S.D. associated with mild pulmonary stenosis 
ire also included (it is hardly fair to include the five with dominant stenosis), its incidence rises to 
‘2 per cent, which allows it to take fourth place, putting it just ahead of Fallot’s tetralogy. 

In respect of severity the findings are equally at variance with traditional opinion. Of the 
incomplicated cases only one-third were truly mild, about a third were moderate, and about a 
hird were severe (half of these having a raised pulmonary vascular resistance). If Eisenmenger’s 
omplex is included in the analysis, severe V.S.D. was twice as common as the maladie de Roger, 
‘r as common as the mild and moderate groups together; in other words, the maladie de Roger 
.ccounted for only one-quarter of all cases with isolated V.S.D. This is hardly surprising when 
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one considers the high pressure gradient across the defect; the hole must be remarkably small to 
prevent a large shunt. Using the hydraulic formula described by the Gorlins (1951), a shunt of 
1-5 to 3 litres a minute, which covers most cases of maladie de Roger, means a defect measuring 
0-3 to 0-5 cm. in diameter. A round defect 1 cm. across would produce a shunt of the order of 
12-5 litres a minute if the pulmonary resistance remained so low that hyperkinetic pulmonary 
hypertension did not occur. Pathological reports describing the size of ventricular septal defects 
harmonize with these theoretical considerations; thus in maladie de Roger the hole is usually 
described as small, admitting only a probe (2 to 3 mm. in diameter); whereas in severe cases it may 
admit the little finger (about 1-5 cm. in diameter). 

It should also be observed that a round ventricular septal defect measuring 1 cm. in diameter 
(area = 0-79 cm.”), would produce a pulmonary blood flow of at least 15 litres a minute (shunt 
= 12-5 litres/minute) with normal pulmonary resistance and pressure, and that this is about the 
maximum pulmonary blood flow that adult pulmonary vessels can accommodate without a rise of 
pressure (hyperkinetic pulmonary hypertension). In this sense then, a defect 1 cm. across is critical. 
Anything larger must cause hyperkinetic pulmonary hypertension, and perhaps reactionary pul- 
monary vasoconstiction. It is unlikely that a raised pulmonary vascular resistance occurs with 
defects measuring 0-5 to 1 cm. in diameter, for these comprise our moderate group in which no 
instance of pulmonary hypertension was seen. In Eisenmenger’s complex proper the defect is 
always relatively large (at least 1 cm. in diameter). 


SUMMARY AND CONCLUSIONS 


In a consecutive series of 750 more or less proved cases of congenital heart disease, isolated 
uncomplicated V.S.D. was found in 8 per cent, which was fifth in order of frequency. V.S.D. 
also occurred as Eisenmenger’s complex in 2-5 per cent, in conjunction with simple pulmonary 
stenosis in 2 per cent, as part of Fallot’s tetralogy in 11 per cent, and in combination with other 
anomalies in 2 per cent. Thus in one form or another V.S.D. occurred in one-quarter of all cases 
of congenital heart disease. 

Roger’s description is reviewed and it is recommended that the term maladie de Roger, if 
retained at all, should be applied only to cases of mild V.S.D. 

Out of 80 cases of isolated V.S.D., 22 were mild, 18 moderate, 20 severe (some with raised 
pulmonary resistance), and 20 had pulmonary hypertension with reversed shunt (Eisenmenger’s 
complex). 

In mild cases the pulmonary blood flow averaged about one and a half times the systemic flow 
and the defect was calculated to measure less than 0-5 cm. in diameter. In cases of moderate 
severity the pulmonary flow was two to three times the systemic flow and the defect was estimated 
to measure between 0-5 and | cm. in diameter. In severe cases the pulmonary flow was between 
three and five times the systemic flow, unless the pulmonary vascular resistance was raised (when 
it averaged only twice the systemic flow), and the defect was believed to be between | and 1-5 cm. 
in diameter. Eisenmenger’s complex will be discussed in another paper. 

The most important clinical features of isolated uncomplicated V.S.D. included a small pulse, 
normal jugular venous pressure and pulse, hyperdynamic left ventricular thrust at the apex, variable 
movement over the right ventricle, a pansystolic murmur and thrill usually maximal in the third 
left space and embracing both heart sounds as described by Roger, a functional mitral diastolic 
murmur, and normal splitting of the second heart sound. 

The electrocardiogram usually showed evidence of enlargement of both ventricles, but was 
always normal in maladie de Roger. 

Radioscopy showed varying degrees of pulmonary plethora, dilatation of the pulmonary artery, 
and left ventricular enlargement; right ventricular enlargement was less easily demonstrated unless 
the pulmonary resistance was raised, and the right atrium was rarely dilated. 

The differential diagnosis of maladie de Roger includes mild pulmonary valve stenosis, mild 
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infundibular stenosis, acyanotic Fallot’s tetralogy, mild aortic stenosis, mitral incompetence with 
anticlockwise rotation, and innocent left parasternal murmur. 

The differential diagnosis of the more severe forms of V.S.D. includes mitral incompetence, 
A.S.D., and when the pulmonary resistance is raised patent ductus arteriosus. 

Physiological studies revealed a significant difference between high and low right ventricular 
samples (high samples being similar to those from the pulmonary artery and low samples being 
similar to those from the right atrium) in one-third of the cases of maladie de Roger, but never 
when the defect was moderate or large. 

The syndrome of V.S.D. complicated by aortic incompetence is discussed and illustrated. 

Ten cases of acyanotic Fallot’s tetralogy are described in some detail. 

V.S.D. complicated by pulmonary stenosis with normal aortic root is also briefly described. 


We wish to thank Dr. Aubrey Leatham for recording the phonocardiograms. 
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In the study of cardiodynamics, the role of specific radiographic techniques is assuming in- 
creasing significance. The development of kymography and electrokymography results from the 
effort to record the deviations in individual portions of the cardiac silhouette as correlated with the 
electrocardiogram. However, the movements of the silhouette fail to give an accurate representation 
of the work of the heart, for, to a large extent, the activity actually takes place within the heart and 
cannot be visualized from outside. 

Angiocardiography is, therefore, a step forward towards clarification of the total mechanical 
functioning of the heart. It represents a distinct addition to the armamentarium of cardiophysi- 
ology, because by this means successive contrast filling of the individual chambers and great vessels 
determines variations in function as well as outline. Henceforth these alterations in function, 
instead of being a final diagnosis, may be used to facilitate the diagnosis of specific congenital and 
acquired heart disease. 

The internal working of the heart and the individual chambers can best be illustrated by the 
study of shunts; here all action takes place within the walls of the vascular apparatus and cannot 
be analyzed by the most perfect representation of the movements of the cardiac silhouette. Angio- 
cardiography is another milestone along the road to better understanding of the function of this 
vital complex mechanism. 

The normal findings in the right and left anterior oblique views are shown in Fig. | for com- 
parison with the subsequent figures demonstrating shunts. 

Technique. The angiocardiograms reported here were made on infants and small children 
under comparable and reproducible conditions. A 2-5 per cent solution of avertin, 0-1 ml. per 
kilogram of body weight, was used for basal anesthesia. The radiograms were taken simultaneously 
‘n both the right and the left anterior oblique projections at a speed of 10 to 12 exposures a second 
n each projection. An automatic marker recorded the exact moment of exposure of each film on 
ihe electrocardiogram which was taken during the angiocardiogram. The contrast medium was 70 
ver cent umbradil (Astra); 1 to 1-5 ml. per kg. of body weight was injected rapidly through the 

valleolar vein in infants and through the antecubital vein of the small children. 


I. RIGHT-TO-LEFT SHUNTS 


The demonstration of any shunt is dependent on a difference in radio-opacity between two 
1ambers of the heart, and this difference in density is dependent upon the inflow of contrast 
aterial. If the contrast material arrives at the caval orifice during atrial systole, when this opening 
functionally closed, it is temporarily stored in the vena cava. Then when diastole begins, a sudden 
flux of concentrated contrast completely opacifies the atrium enough to visualize an existing shunt. 
‘kewise, if it reaches the heart at the beginning of diastole when the atrium is relatively empty, 
ere will be minimal dilution of the contrast = good opacification of the chamber. This holds 
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true for an atrium of relatively normal size; in a greatly dilated atrium, incomplete emptying may 
leave non-opacified residual blood which will dilute the contrast material and result in unsatisfactory 
opacification. On the other hand, should the contrast material arrive in middle or late diastole, the 
atrium will already be partially filled with blood, and its subsequent dilution will show in- 
sufficient opacification of the atrium to visualize a right-to-left shunt. The same holds true for 
the visualization of the right ventricle; the earlier in ventricular diastole the contrast reaches the 
right ventricle, the more complete will be the opacification. It should be emphasized that failure 
to visualize a shunt during the first cardiac cycle after injection may be the result of the contrast 
medium reaching the heart at an inopportune time. 


INTFRATRIAL SHUNTS (Fig. 2 and 3) 


A right-to-left interatrial shunt is the ideal one to demonstrate angiocardiographically, because 
there is a maximum difference in the concentration of contrast medium on the two sides of the heart 
at the beginning of the study. When the contrast medium reaches the right atrium, no other chamber 
of the heart is opacified, and it streams through the interatrial defect into a left atrium which is 
radiographically empty (Fig. 2). 

An axial view of the interatrial septum is necessary to visualize a small shunt. If the plane of the 
septum is directly ‘end on,” a small jet of contrast medium from the right to the left atrium will 
be plainly visible, but if the interatrial septum is viewed obliquely, the opacification of the right 


Fic. 2.—Atrial septal defect associated with pulmonic stenosis. Right-to-left shunt. 
Premature visualization of the left atrium. Right (Al-A2) and left 
(B1-B2) anterior oblique projections. 


Both atria are filled in atrial diastole and have approximately the same con- 
centration of contrast, indicating a large shunt. 
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atrium may obscure a small amount of contrast streaming into the left side of the heart. The con- 
trast medium is most concentrated as it emerges from the septal defect into the left atrium, and it 
is this area close to the septum which would be superimposed by the shadow of the right atrium 
if a true “ lateral’ view of the interatrial septum were not obtained. 

Atrial Systolic Shunts. During atrial systole the orifices of both caval veins are functionally 
closed, so forceful injection of contrast medium will not materially alter the atrial systolic pressure, 
except inasmuch as it may have caused an increased filling in the previous diastole. This latter factor 
becomes less important as the heart rate decreases, because of the following facts: during early 
atrial diastole, when the A-V valve is closed, the forceful injection of contrast material may cause 
an increased filling of the atrium, but as soon as the A-V valve opens, the atrial content is spilled 
rapidly into the ventricle. Further atrial filling continues for a short time after the valve opens and 
until the atrial systole begins and functionally closes the caval orifices again. This last period, 
atrial diastole with an open A-V valve, is relatively short but becomes longer as the heart rate 
decreases, thus allowing more of the increased atrial volume to be emptied into the ventricle. 
Following this line of reasoning, it is obvious that the rapid injection of contrast medium 
may not materially alter the atrial systolic pressure, except possibly in a very rapid heart rate, and 
therefore is not likely to cause false visualization of a right-to-left atrial systolic shunt (as for 
example through a patent foramen ovale). 

Atrial Diastolic Shunts. During atrial diastole the orifices of the vene cave are open, so if contrast 
material is injected more rapidly than it can be handled by the atrium, the excess fluid injected may 
flow into the vena cava other than the one through which the injection takes place. The other vena 
cava thus acts as a safety valve. This mechanism functions only so long as the A-V valve is closed; 
when this valve opens the increased volume arriving at the atrium is immediately spilled into the 
ventricle. Thus, it becomes apparent that the rapid and forceful injection of contrast medium may 
increase atrial diastolic pressure during ventricular systole. 

The passage of contrast material through a patent foramen ovale or a true septal defect, there- 
fore, does not necessarily indicate the presence of a true right-to-left atrial diastolic shunt. The 
direction of the shunt is dependent upon the relative pressures in the atria. Normally the pressure 
is slightly higher in the left atrium throughout the entire cardiac cycle. If there is only a small 
difference in pressure in the two atria, forceful injection of the fluid may cause a reversal of the shunt 
during atrial diastole. This reversal in the direction of flow may occur “ normally” at some 
point in the cardiac cycle; mixed shunts are frequently demonstrated by cardiac catheterization. 

Concerning a patent foramen ovale, the chances of artificially visualizing this opening decrease 
markedly as the infant grows older, particularly after the first few weeks, because of the pressure 
in the left atrium increasing during this time. 

On the other hand, a true right-to-left atrial diastolic shunt may fail to visualize if the contrast 
medium reaches the right atrium during late diastole, that is, after the A-V valve has opened. In 
this case, the contrast medium may pass through the atrium directly into the ventricle. 

Right-to-left interatrial shunts are generally easy to recognize. One important anomaly with 
which they can be confused is abnormal venous return, as, for example, when a left superior vena 
cava empties into the right atrium. This vessel may be visualized in the same manner that contrast 
material flows into the normal vena cava during a forceful injection of the dye. Interatrial shunts 
vill not be confused with interventricular shunts if the angiocardiogram is made in two planes 
synchronously; the right anterior oblique projection will show lack of opacification of the ventricles 
ind thus exclude a shunt between the chambers. 


INTERVENTRICULAR SHUNTS (Fig. 4) 


Because of several factors, visualization of an interventricular septal defect may not always be 
‘ompletely satisfactory. On the way to the ventricle the contrast medium has already passed through 
ne chamber of the heart and has therefore become a little more dilute. To obtain a good opaci- 
‘cation of the right ventricle there must be a high concentration in the right atrium from the 
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beginning of the ventricular diastole, because the early filling of the ventricle is very rapid. At the 
end of the ventricular systole the residual blood will dilute the contrast medium as it arrives. There- 
fore maximal opacification of the right ventricle is not obtained for two or three cardiac cycles. 


Fic. 4.—Ventricular septal defect. Right-to-left 
shunt. Premature visualization of the left 
ventricle. Left (BI-B2) anterior oblique 
projection. 

Bl. The right atrium is well filled in atrial diastole. 

B2. In the following atrial systole the contrast 

spreads out in both ventricles. 


Here, too, a shunt is not visualized as a sharp jet of concentrated contrast medium into a 
chamber empty of this, but usually as a simple diffuse opacification of the left ventricle. This is 
due to the dilution of the contrast and the more turbulent current that results in a more rapid 
and complete mixing. 

The visualization of an interventricular shunt may also depend on the localization of the defect; 
in the presence of a high interventricular defect or an overriding aorta, the shunted blood (and 
contrast) may pass directly into the aorta without actually entering the left ventricle. Here the 
diagnosis will be made from the early visualization of the aorta, instead of by opacification of the 
left ventricle. 

Since the pulmonary circulation time approximates the time required for three to six ventricular 
systoles, the diagnosis of a right-to-left shunt is best made during the first three cardiac cycles after 
the injection of the contrast medium (with a heart rate of 180, 3 cardiac cycles=1 second); 
otherwise the contrast medium which has passed through the pulmonary circuit and entered the 
left heart will obscure the jet of contrast from right to left through the septal defect. 

It is worthy of note that early visualization of the aorta may be diagnostic of a small right-to-left 
shunt, either atrial or ventricular. This is best observed in the right anterior oblique projection 
where the shadow of the ascending aorta is superimposed on that of the descending aorta. In the 
left anterior oblique view, where the two limbs are separated, the small amount of dye in the aorta 
may be invisible, but when the two limbs are superimposed, it may be possible to outline the vessel. 

It should be emphasized that the size of a shunt may be roughly estimated by comparing the 
degree of opacification in the two sides of the heart or in the pulmonary artery and the aorta. 


PATENT DuctTus ARTERIOSUS 


A right-to-left shunt through a patent ductus arteriosus has been described in adults, children, 
and newborn infants. It is easy to diagnose angiocardiographically because early filling of the de- 
scending aorta is pathognomonic. The distal aorta visualizes simultaneously with the pulmonary 
artery but the ascending and transverse aorta remain invisible. This diagnosis can be confirmed 
by the lack of contrast filling of the left side of the heart on the left anterior oblique projection, i.e. 
absence of other right-to-left shunt. When there is no other right-to-left atrial or ventricular shunt, 
early opacification of the distal aorta can result only from flow of contrast material from right 
to left through a patent ductus arteriosus. 
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II. LEFT-TO-RIGHT SHUNTS 


A new principle of diagnostic radiology is the study of the dilution of contrast material. Here- 
tofore, the primary aim of angiocardiography has been to obtain the strongest possible concentration 
of contrast in the heart, but a critical evaluation of dilution, the opposite of concentration, will 
enrich the field of cardiodynamics. 

A prerequisite in the study of dilution is a rapid exposure technique that permits the comparison 
of successive cardiac cycles. It is necessary to compare the opacification of various chambers in the 
same cycle and the same chamber in various cycles, and only a rapid exposure rate will provide 
sufficient exposures to make this comparison. 

A previous knowledge of the normal dilution can be gained from angiocardiograms made under 
comparable conditions of anesthesia and speed of injection of contrast (Fig. 1). With this back- 
ground, it is possible to evaluate abnormal dilution of contrast in the presence of a shunt. 

A left-to-right shunt is characterized by a prolonged opacification of all the chambers of the 
heart, a continued visualization of the blood that is withdrawn from the systemic circulation and 
recirculated through the heart and pulmonary vessels. This short-circuited blood increases the 
volume that must be handled by the affected chambers and results in dilatation of these chambers. 
An anatomic consequence of this decrease in the volume of the systemic circulation is the com- 
paratively small calibre of the aorta, and as a result of the concomitant increase in the volume of the 
lesser circulation, there is a profuse pulmonary vascularity. 


INTERATRIAL SHUNTS (Fig. 5) 


When the contrast material reaches the heart, a ‘significant left-to-right shunt will cause an 
obvious dilution in the right heart; there is a discrepancy between the heavy opacification of the 
vena cava and the poor filling of the right atrium. If this dilution can be seen to occur during 
atrial systole it is positive evidence of a shunt, but it may result during diastole from mixing of 


Fic. 5.—Atrial septal defect. Left-to-right shunt. Systolic dilution of contrast 
in the right atrium. Right (Al—A2) anterior oblique projection. 


Al. The dilated right atrium is well filled with contrast in atrial diastole. 

A2. In atrial systole the contrast is washed out and the outline of the 
atrium is lost. Diluted contrast from the atrium has refluxed into 
the hepatic radicles. 


inopacified residual blood and blood from the other vena cava and sinus venosus. On the other 
iand, a small left-to-right shunt will not be visualized when the right atrium is heavily opacified, 
because a small jet of radiolucent blood will be invisible in a chamber filled with contrast. 

When the contrast material passes through the pulmonary circuit and arrives in the left atrium, 
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the right heart is less heavily opacified but is not completely empty of contrast. Here, too, a small 
stream of blood from left to right will not be observed, even though it is now opacified, because 
there is not enough difference in opacification. 

A patent foramen ovale, of course, will not be visualized when the contrast material reaches the 
left heart, because this anomaly usually produces a pure right-to-left shunt. 

A persistent opacification of the right atrium and ventricle and the pulmonary arteries is pre- 
sumptive evidence of interatrial communication with a left-to-right shunt, if it can be established 
that the contrast material in the right heart can have come only from the left. If this is injected 
slowly or disappears slowly from the afferent vein, the opacification of the right heart is abnor- 
mally prolonged, but the source of contrast material is obviously the venous tributaries and not the 
left heart. Persistent opacification of the right heart can be identified clearly in the left anterior 
oblique projection. 

The consequence of significant left-to-right atrial shunt is dilatation of the right atrium; this 
results in any chamber subjected to increased filling and increased stroke volume. When this added 
load interferes with the function of the right atrium, a systolic reflux into the vene cave com- 
monly occurs. This is more often demonstrated in the inferior vena cava, because the orifice of this 
vein seems to be less securely closed. A retrograde filling of the vena cava caused by forceful in- 
jection of the dye is seen in normal patients and has no pathologic significance. However, this 
usually occurs during diastole when the atrium has become overloaded and before the A-V 
valves have opened; it may be simulated during systole by a vigorous injection which forces the 
contrast into the tributary veins when the caval orifice is closed. This retrograde filling may be 
differentiated from a true systolic reflux by comparing the density of opacification in the atrium, 
vena cava, and tributary veins. The concentration of the contrast material in the tributary veins 
is usually approximately equal to that in the vena cava in retrograde diastolic filling, and to that in 
the atrium in true systolic reflux. 


INTERVENTRICULAR SHUNTS (Fig. 6 and 7) 


In the early angiocardiograms, when the right heart is opacified, a significant left-to-right shunt 
through an interventricular defect causes a dilution of the contrast material in the right ventricle, 
usually distinctly associated with ventricular systole. The highly opacified right atrium contrasts 
sharply with the poor concentration in the right ventricle and pulmonary artery. If the defect is 
high in the interventricular septum, the dilution in the right ventricle is localized to the infundibulum 
and pulmonary artery. 


Fic. 6.—Ventricular septal defect. Left-to-right iG. 7.—Ventricular septal defect. Left-to-right 


shunt. Systolic dilution in the right ventricle. shunt. Prolonged visualization of the right ven- 

Right (Al—A2) anterior oblique projection. tricle. Right (Al) and left (Bl) anterior 
Al. Atrial systole fills the right ventricle with con- oblique projections. 

centrated contrast medium. Four seconds after the injection of contrast medium 
A2. In ventricular systole the contrast is greatly there is a great deal of contrast on both sides of 

diluted in the right ventricle by the influx of the heart. From Al it is apparent that there 

non-opacified blood from the left ventricle. is no Opaque substance in the right atrium, 

Note the dilated pulmonary artery. and it can be concluded that the contrast in 


the right ventricle comes from the left ventricle. 
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It is sometimes possible to confirm the diagnosis of left-to-right shunt by observing the small 
amount of opacified blood that remains in the right ventricle at the end of systole: if the dye 
becomes diluted during systole, this small residual volume becomes invisible. 

Prolonged visualization of the right ventricle and pulmonary artery is characteristic of a sig- 
nificant left-to-right shunt. It is of some importance to note the absence of opacification of the 
right atrium in the right anterior oblique projection, for this will rule out a shunt in the interatrial 
septum. The angiocardiographic picture is typical: opacification of the right ventricle, pulmonary 
artery, and left atrium, with poor visualization of the aorta, because the contrast material from 
the left ventricle is shunted back to the right heart, omitting the systemic circulation. Prolonged 
opacification of the pulmonary artery is best seen in the right anterior oblique projection, but it is 
necessary to check the left anterior oblique view to ascertain that the contrast material in the 
pulmonary artery comes from the right heart and not from the aorta. 

In the presence of a left-to-right interventricular shunt, specific adaptations result from the 
increased stroke volume of the right ventricle; vigorous systolic contraction of the infundibulum 
and a dilatation of the pulmonary artery most accentuated during ventricular systole, at first 
functional but later organic. The left atrium is usually strikingly dilated, and occasionally the 
right atrium is dilated enough to show functional disturbances in the form of refluxes in the inferior 
vena cava. 


PATENT Ductus ARTERIOSUS 


Recirculation of blood through the pulmonary artery, indirect evidence of the presence of a 
patent ductus, is demonstrated by two separate and specific signs, both of which are caused by the 
shunt of blood from the aorta. The first sign is loss of concentration of contrast material in the 
pulmonary artery; it occurs early in the angiocardiogram and is the result of the influx of non- 
opacified blood from the aorta (Fig. 8). This is the most important indirect sign of the presence 


G. 8.—Patent ductus. Left-to-right shunt. Diastolic dilution of contrast. Right (Al-A4) and left (B1I-B4) 
anterior oblique projections. 


(1) In ventricular diastole the pulmonary artery is only faintly visualized. 

(2) In the following ventricular systole the pulmonary artery is heavily opacified. Note the systolic dilatation of the 
pulmonary artery. 

(3) During the succeeding ventricular diastole the contrast material is again washed out of the pulmonary artery. 

(4) Ventricular systole once more visualizes the pulmonary artery. 
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of a patent ductus and seems to occur with regularity. The dilution reaches a maximum at the 
end of diastole, because the contrast material is ejected from the right ventricle only during systole; 
when the pulmonary valve is closed, no additional contrast enters the pulmonary artery. This 
dilution, most apparent in diastole, rules out a high interventricular septal defect, because in this 
latter anomaly, the opacification of the pulmonary artery will not change during diastole. The 
degree of dilution and its progression during the cardiac cycle indicate the size of the shunt. This 
may also occur in aortic septal defect. 

The second indication of recirculation of blood through the pulmonary circuit, persistent 
visualization of the pulmonary artery, can be expected to occur with regularity in the presence of a 
patent ductus with a left-to-right shunt, but actually it is rather difficult to demonstrate. By 
employing a fast injection technique the right and left sides of the heart are normally opacified 


Fic. 9.—Patent ductus. Left-to-right shunt. Re-opacification of the pulmonary artery. Left (B1-B4) anterior 
oblique projection. 

‘This series of pictures is from the last half of the angiocardiogram, when the right heart is nearly empty of contrast. 
There is little opacification in the right heart. 


(1) In ventricular diastole the pulmonary artery is faintly seen. 

(2) In the following ventricular systole the pulmonary artery is densely opacified. 

(3) The contrast material in the pulmonary artery is again washed out in ventricular diastole. 

(4) The flow of contrast from the aorta again visualizes the pulmonary artery in ventricular systole. 


successively, i.e. the right heart and pulmonary artery are relatively empty of contrast material when 
the concentration is greatest in the aorta (Fig. 9). But when the opacity has reached a maximum 
in the aorta, there is frequently enough contrast medium remaining in the pulmonary vessels to 
obscure the introduction of more opacified blood through the patent ductus. 

Radiography in two planes simultaneously facilitates the diagnosis of patent ductus. By 
comparing the two projections, it is possible to state whether there is delayed clearing or repeat 
opacification of the pulmonary artery, and whether it is revisualized separately or together with the 
right ventricle (as occurs with interventricular shunt). 


SUMMARY 


The intravenous angiocardiographic diagnosis of atrial and ventricular septal defects and patent 
ductus arteriosus in infants and young children is discussed in detail, both in the case of right-to- 
left shunts and of left-to-right shunts. Dilution of the opaque medium may often be significant of 
a shunt, but it can be recognized only if there are frequent angiocardiograms and if the time in the 
cardiac cycle when they are taken is known. 
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GARGOYLISM WITH CARDIOVASCULAR INVOLVEMENT 
IN TWO BROTHERS 


BY 
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Received June 20, 1954 


The term “ Gargoyle ’’ was introduced by Ellis, Sheldon, and Capon in 1936. The condition 
was first recognized by Thomson in 1900, but his original cases were not reported until later (Hender- 
son and Ellis, 1940). Although about 200 cases have been reported, there are few detailed studies 
of the cardiovascular system. Necropsy material is rare, and has been reviewed by Strauss (1948) 
and Lindsay (1950). Since then other necropsies have been reported by Jervis (1950), Magee 
(1950), Henderson et al. (1952), Millman et al. (1952), Schwarz (1952), and Smith er al. (1952), 
making a total of 32 in all. 

The following observations were made on two brothers, both with gargoylism, who were studied 
during life and found to have cardiovascular involvement. One died and the post-mortem findings 
are reported. 


HIsTORY AND GENERAL CHARACTERISTICS OF THE PATIENTS 


The brothers are the only gargoyles in an otherwise normal family. There are three sisters 
aged 24, 14, and 10 years. 

In both, the abnormalities were noted at birth. The elder (R.S.) is 26 years old, and although he 
has recently had congestive failure with systemic oedema and ascites, he has responded well to 
digitalis and mercurial diuretics. The younger (D.S.) died at the age of 20 from congestive cardiac 
failure. 

Many of the characteristics can be seen in Fig. 1. R.S. is 4 ft. 8 in. tall and D.S. was 
4ft.2in. Both patients were congenitally deaf but had learned to lip read moderately well. They 
spoke in a deep gutteral voice but formed their words so badly that they were hardly intelligible. 

Their heads were large and their features coarse, with prominent superciliary ridges and heavy 
eyebrows. The lips were thick and the nose broad with a depressed bridge. Both had large 
‘ongues and widely spaced peg-shaped teeth. The ears were large and fleshy and placed far down 
on the skull. The hair was abundant and coarse and each showed abnormally hairy trunk and 
l'mbs. They had short necks and in one (R.S.) the thyroid was enlarged and firm, but there were 
»o signs of hyperthyroidism. They had barrel-shaped chests with expansion of less than an inch. 

1 both the abdomen was protuberant with a large umbilical hernia. The liver was enlarged to 
iree finger breadths below the costal margin, but the spleen was only felt in the elder brother (R.S.). 

They had many skeletal abnormalities. Their hands were wide with clawed fingers which 
1owed flexion deformities of the interphalangeal joints; flexion deformaties were also present 
i all joints of the upper limbs. Both patients had bilateral pes cavus with clawed toes. The 
pines in each lacked the normal cervical and thoracic curves but did not show the angular kyphosis 
ommonly found in this condition. 

Unlike the majority of cases the mental condition in each was considered normal when allow- 


ace had been made that both patients were congenitally deaf. There were no corneal opacities. 
417 
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Fic. 1.—(A) and (B) R.S., aged 26. Height4ft.8in. Coarse features, 

protuberant abdomen with umbilical hernia, clawed hands with 

t flexion deformities of limbs and fingers, bilateral pes cavus, and 
hirsuites. (C)D.S.,aged 20. Height 4 ft. 2 in. 


A B 
Fic. 2.—(A) Chest X-ray (R.S.). Enlarged heart (c.t.r. 66%). Prominent pulmonary artery. (B) Chest 
X-ray (D.S.). Enlarged heart (c.t.r. 65%). Prominent pulmonary artery. The spatulate appearance 
of the ribs is more obvious than in Fig. 2A. 
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Cardiovascular System. At various times both patients showed signs of congestive failure. 
The pulse was regular and the blood pressure normal (R.S., 120/80: D.S., 130/85 mm. Hg). 

The heart was considerably enlarged in both cases; in R.S. the apex beat was localized and 
thrusting, suggesting left ventricular enlargement, while in D.S. the apex beat was tapping and 
there was diffuse pulsation over the right ventricle. In both patients the closure of the pulmonary 
valves was palpable and a Graham Steell murmur was present. In R.S. there was also an apical 
systolic murmur. 

In R.S. it was difficult to explain why the apex beat was left ventricular in character in the 
presence of signs that were suggestive of pulmonary hypertension; it was thought, however, that 
the skeletal deformity of the chest might have masked the true character of the apex beat. 

These physical signs would indicate that both brothers had cor pulmonale probably due to the 
chest deformities. The primary effect of gargoylism on the heart was not apparent on clinical 
examination. 

X-rays of the heart were similar in the two cases and showed generalized cardiac enlargement 
with an enlarged pulmonary artery and small aorta (Fig. 2). 

The electrocardiogram in both cases was consistent with right ventricular enlargement and 
clockwise rotation of the heart. In R.S. the first cardiogram had deep T wave inversion in standard 
lead III and V1 to V4 with a prominent R wave in VI and deep S waves extending from V2 to V5 
(Fig. 3A). Two hours later, it had changed to a complete right bundle branch block which reverted 
to the previous pattern by the following day. The cardiogram of D.S. showed right axis deviation 
in a vertical heart, with inversion of the T wave in standard lead III and V1 to V2 with biphasic 
T waves in V3 to V4. In V1 there was an rSr complex with deep S waves extending from V2 to V5 
(Fig. 3B). 


Fic. 3.—Electrocardiograms showing right ventricular enlargement with clockwise rotation. 
(A) From R.S. T inversion lead III and VI-V4. Prominent R in V1 and deep 
S in V2-V5. (B) (D.S.) Right ventricular enlargement with clockwise rotation. 
Right axis deviation with T inversion in lead IIf and V1I-V2. Biphasic T in V3-V4. 
rSr complex in V1 and deep S waves in V2-VS. 


X-rays of the Skeleton. The skull in both was large with a thick vault and the antra were 
mall. In R.S., the frontal sinuses were normal and the pituitary fossa enlarged, while in D.S., 
he frontal sinuses were under-developed and the pituitary fossa normal. 

The hands in both showed delayed ossification. There was deformity of the epiphysis, par- 
ccularly the heads of the metacarpals. The shafts of the metacarpals and phalanges were clawed. 

The spine in both cases lacked the kyphosis usually seen in this condition. In R.S., there were 
efects in the upper and lower margins of the vertebre, most marked in the lumbar region and no 
eaking of the vertebral bodies. In D.S., the bodies of the dorsal vertebre were infantile in shape, 
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the lumbar vertebre were deformed with slight beaking at the lower margins, there was some 
backward displacement of the first lumber vertebre, and all the lumbar disc spaces were narrowed. 

The ribs in both cases were broad and spatulate. The long bones showed malformation of the 
epiphyses, the shafts were slender with increased curvature. 


Post-MorTEM FINDINGS IN D.S. AGED 20 YEARS 


The external appearances were as already described, but in addition there was ascites and 
cedema of the legs and lower part of the trunk. 

The heart weighed 397 g. The pericardium contained an abnormally large quantity of fluid, 
but was otherwise normal. The epicardium showed some patchy thickening over the ventricular 
surface. The right atrium and ventricle were dilated and thickened while the left atrium and 
ventricle appeared normal. 


A B 


Fic. 4.—{A) Dissection of heart (D.S.), showing mitral valve with nodular thickening of the cusps and shortened 
chordae tendinee. (B) Dissection of heart (D.S.), showing aortic valve with rigid thickened cusps. 


The valves were all abnormal. The mitral valve had gelatinous nodules up to 4-5 mm. in 
diameter on its atrial surface; these nodules were hollow and protruded upwards from the free 
margin of the cusps. The commissures were not adherent (Fig. 4A). The aortic cusps were thickened 
with a rolled edge; in places the thickening amounted to 2 mm. (Fig. 4B). The pulmonary cusps 
were similar to the aortic though involved to a lesser degree. The tricuspid valve was like the 
mitral, but the gelatinous nodules were smaller and less numerous. There was patchy thickening 
of the endocardium over the ventricular surfaces and the chorde tendinez were short and thickened 
(Fig. 4A). 

The coronary arteries were abnormal and stood out through the epicardium as thickened 
white cords. This was due to a nodular thickening which was most marked in the left anterior 
descending branch. The ostium of the right coronary was double, but there was no stenosis. 

The pulmonary artery was greatly enlarged, the wall being thicker than that of the aorta, which 
was normal. 

The lungs, liver, brain and other organs showed congestive changes. 
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Histological Report on the Heart——In the myocardium of the atria and ventricles there was increased 
interstitial fibrosis maximal around the branches of the coronary arteries. This fibrosis was acellular and 
unaccompanied by inflammatory foci. The myocardial fibres were hypertrophied with enlargement of the 
nuclei. There were small patches of vacuolated connective tissue cells. 

Valve cusps from the mitral, tricuspid, aortic, and pulmonary valves were thickened due to fibrosis with 
hyaline degeneration. Surrounding this there was cellular fibrous tissue containing vacuolated connective 
tissue cells. These changes were maximal in the sub-endocardial areas. The endocardium was normal 
except for a few small thickened areas which showed hyaline fibrosis containing vesicular cells. 

The coronary arteries showed concentric thickening of the walls due to a subintimal fibrosis causing a 
narrowing of the lumen. The fibrous tissue contained vacuolated connective tissue cells which interrupted 
the internal elastic lamina and extended into the media. The intima was intact. 

In the pulmonary artery there was subintimal fibrosis and in the media prominence of the elastic fibres 
between which there were a few vacuolated connective tissue cells. The vasa vasorum and adventitia 
were normal. Similar but less marked changes were found in the aorta. 


DISCUSSION AND CONCLUSION 


Many gargoyles die in childhood, but the two patients described had reached the third decade. 
R.S. is 26 years old which probably makes him the seventh oldest gargoyle on record. Two cases 
aged 37 years have been reported (Hooper, 1952; Schwarz, 1952). 

From a study of the 32 post-mortem reports available, cardiovascular abnormalities were 
found in 22; in 4 the cardiovascular system was normal and in the remaining 6 no mention was 
made of the heart. If we exclude these cases, cardiac involvement of a varying degree occurred 
in 85 per cent of gargoyles. Cardiac enlargement (73 %) and deformity of the valves (77 °%, 
were the main features in the 22 abnormal hearts. The mitral valve was affected in 15, the 
aortic in 9, the tricuspid in 7, and the pulmonary in 2: in only 2 cases, were all the valves involved. 
Other cardiovascular abnormalities recorded were as follows: endocardial thickening (7 cases), 
coronary artery involvement (5 cases), and epicardial thickening (3 cases). 

In our case (D.S.) extreme cardiac involvement was shown by changes in the heart size, all four 
valves, epicardium, endocardium, and coronary and pulmonary arteries. Only two other such 
cases have been reported (Strauss, 1948; Lindsay et al., 1948, Case 7). 

One of the interesting features of these two brothers was the similarity of their physical signs, 
particularly in the cardiovascular systems. Both had gross cardiac enlargement with pulmonary 
incompetence. The X-rays and cardiograms were similar. We may therefore infer that the elder 
also has extensive cardiac involvement, probably similar to that found in his brother at autopsy. 


Since submitting this paper the pulmonary artery pressure has been measured in R.S. by 
cardiac catheterization and found to be 88/50 mm. Hg with a mean of 61 mm. Hg. 


SUMMARY 


Two brothers with gargoylism and cardiac abnormalities are reported. The similarity of their 
physical signs is noted. 

Post-mortem findings with special reference to the heart are reported in the case of the younger 
brother. 

I am indebted to Dr. Evan Bedford for his permission to publish these cases, and also to Dr. H. Sterndale, Patho- 
| gist to the Thanet Group of Hospitals who performed the necropsy and was kind enough to send me the heart 
f. rexamination. I wish to thank Dr. A. D. Thompson of the Bland Sutton Institute of Pathology, Middlesex Hospital, 
fir the histology and Dr. J. N. Pattinson of the X-ray Department, Middlesex Hospital for the X-rays. I should 


lie to express my appreciation of the co-operation received from Drs. W. B. and J. A. Loveless of Ramsgate under 
\ ose care these patients have been for many years. 
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THE LEFT-SIDED SUPERIOR VENA CAVA 


BY 
MAURICE CAMPBELL AND D. C. DEUCHAR 


From the Cardiac Department, Guy’s Hospital, and the Institute of Cardiology 
Received June 12, 1954 


Abnormalities of the main systemic and pulmonary veins are arousing increasing interest. 
The object of this paper is to review our experience of 46 cases of the left-sided superior vena cava, 
including 4 examples of the much rarer condition where the inferior vena cava is absent. We wish 
also to discuss the type of cases in which these occur and their clinical significance. 

Abnormal drainage of the pulmonary veins has been discussed in several recent papers— 
drainage into the left superior vena cava by Snellen and Albers (1952), Gardner and Oram (1953), 
and Whitaker (1954), and drainage into the right atrium and the right side generally by Brody 
(1942), Smith (1951), Edwards (1953), and Swan ef al. (1953). These groups will not, therefore, 
be included here, especially as we have seen few examples of the former. 


EMBRYOLOGY 


The relevant embryology will be reviewed shortly to help in understanding these abnormalities. 

The Left-sided Superior Vena Cava. At one stage in the formation of the human embryo the 
sinu-atrial chamber becomes differentiated into the sinus venosus and the atrial chamber; and 
the septum dividing the latter into the right and left parts is formed in such a way that the sinus 
venosus communicates with the right part only. The sinus venosus lies transversely, dorsal to 
the atrial part of the heart, and its lateral parts are known as the horns, into each of which a duct 
of Cuvier opens. This is formed by the union of an anterior and a posterior cardinal vein, the 
former of these draining blood from the cephalic end and the latter from the caudal end of the 
embryo (Fig. 1). As development proceeds the heart as a whole moves caudally into the thorax 


HEAD END 
OF EMBRYO 


Rt. horn of 
sinus venosus. thot cardinal V. 


Subclavian V. 


Rt. duct of Cuvier. 


Post cardinal V. 


Fic. 1.—Diagram showing an early symmetrical stage of the 
sinus venosus, the ducts of Cuvier, and the anterior and 
posterior cardinal veins on both sides. 


s that the ducts of Cuvier come to lie almost in the long axis of the embryo, draining from the 

c ohalic end towards the heart. About the same time as the development of the liver and the 

© mmon hepatic vein which drains into the right sinus horn, this half of the sinus venosus becomes 

| ger than the left, and a transverse communication develops between the anterior cardinal veins 
that the arrangement becomes as depicted in Fig. 2. 
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Ant. cardinal V. 


Lf. duct 
Rt. duct of Cuvier of Cuvier 
Vena hepatis * Post. cardinal V. 


communis. 


Fic. 2.—Diagram showing the right side of the sinus venosus 
developing into the right atrium and the ducts of Cuvier 
turning at right angles to this. The anterior and posterior 
cardinal veins have developed cross communications and 
the hepatic vein has appeared. 


Ultimately the sinus venosus is absorbed into the structure of the right atrium; the communica- 
tion between the two anterior cardinal veins becomes the left innominate vein, and the left cardinal 


vein becomes occluded between the innominate vein and the duct of Cuvier; the left duct of 


Cuvier and the left sinus horn become respectively the oblique vein of the left atrium (of Marshall) 
and the coronary sinus; and the right anterior cardinal vein and duct of Cuvier become the superior 
vena cava (Fig. 3). 


Lf. innonimate V. 


Rt. innonimate V. a superior 


intercostal V. 


S.V.C, 
Azygos V. 
Rt. Atrium aan V. of 
Lt. Atrium. 
sinus, 


Fic. 3.—Diagram of a later stage with the left anterior cardinal vein 
obliterated, with the left duct of Cuvier becoming the oblique 
vein of the left atrium, and the left horn of the sinus venosus 
becoming the coronary : sinus. The right azygos vein now passes 
into the right superior vena cava and the corresponding 
communication on the left side has become obliterated. 


Comment. If the left cardinal vein does not become occluded, this vessel persists as a left-sided 
superior vena cava (S.V.C.) draining through the coronary sinus into the right atrium. This occu's 
normally in some animals and occasionally in man, generally with other developmenti:! 
abnormalities. 
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Apart from this—the common type of left S.V.C.—there is another possible type, where the 
S.V.C. lies on the left side in association with mirror image dextrocardia and complete situs inversus; 
this is comparatively straightforward or would be if it was not so common for the heart to be 
transposed without the abdominal viscera or vice versa. In fact, the important question in these 
cases is whether the venous atrium and the superior vena cava are transposed or not, and though 
they tend to follow the abdominal viscera they do not always do so and may instead follow the rest 
of the heart. Generally, in these cases, the S.V.C. is not merely unilateral and a mirror image of 
the normal but bilateral. 

When the atrium is undivided or incompletely divided and the left S.V.C. drains into its left 
side (a condition that we have seen 5 times), the normal development has been arrested earlier and 
is seems that the sinus venosus has persisted and not been absorbed into the right atrium as usual. 
We have not seen a case where a left S.V.C. drains into an otherwise normal left atrium to pro- 
duce a veno-arterial shunt. 

It is clear from this description of the embryology that in normal development the bilateral sym- 
metrical arrangement of the veins has to change to a unilateral and asymmetrical pattern and a 
failure to achieve this normally appears to be responsible both for the left-sided S.V.C. and for 
partial transposition of the heart or abdominal viscera and for their frequent association. Among 
our cases a left-sided S.V.C. was present in over 40 per cent. of those with partial transposition 
and in only 2 per cent of other cases of congenital heart disease. This makes it clear that some 
common or closely related factors are responsible for the production of transposition of the viscera 
and also of a left-sided superior vena cava, alone or with a second vena cava on the right. Speaking 
teleologically, we think this factor is the failure to settle on which side the unilateral asymmetrical 
pattern shall be, when this is developing from the earlier bilateral symmetrical pattern. 

The Inferior Vena Cava (1.V.C.). Some of the abdominal veins also develop from a bilateral and 
symmetrical pattern to one that is unilateral and asymmetrical. The right posterior cardinal vein 
persists as the termination of the azygos vein, while the left disappears. The right supracardinal 
vein forms the post-renal segment of the I.V.C., while the left disappears entirely. Part of the 
right azygos line persists to form all but the termination of the azygos vein, while the left azygos 
line forms the less important hemiazygos vein. 

The inferior caval orifice is derived from the orifice of the embryonic hepatic vein. The I.V.C. 
itself is a complex structure formed from a number of elements below and the proximal part of 
the common hepatic vein above. These two parts become joined by new vessels forming between 
them. 

It is, therefore, not difficult to understand why a normal I.V.C. should sometimes be absent 
when there is partial transposition of the viscera, for the upper part may start to form on the same 
side as the heart and the lower part on the other side with the abdominal viscera so that no normal 
junction is possible. All our four cases where there was no structure recognizable as an I.V.C. 
and where the venous drainage from the lower part of the body, apart from the portal and hepatic 
eins, was via a large azygos vein to a right or left S.V.C., had partial transposition of the viscera: 
‘n both respects there had been a failure in the normal development from the bilateral symmetrical 
yattern to the unilateral asymmetrical pattern. 


THE GENERAL PICTURE OF A LEFT-SIDED SUPERIOR VENA CAVA 


When there is a superior vena cava on the left, there is usually one on the right also: when the 
ieart and abdominal viscera are normally placed the right S.V.C. enters the right atrium normally 
nd the left also drains into the right atrium through the coronary sinus (Fig. 6-12). We have 
een several examples of this in Fallot’s tetralogy and other congenital defects. Few of these 
,ave come to necropsy except those with complex associated abnormalities. However, one example 
‘om a child of seven months is shown in Fig. 4. The coronary sinus was so dilated that at first 
* was not recognized as such and looked like a large triangular diverticulum of the right atrium. 
adeed, it was more like the original left sinus horn, grown greatly in size. The right atrium was 
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many times as large as the small left atrium which was displaced upwards and to the left; there was 
a large atrial septal defect (17x10 mm.), and great hypertrophy of the right ventricle (Case 45, 
Brinton and Campbell, 1953). 


Fic. 4.—The heart with the atria opened and viewed 
from behind showing bilateral superior vene 
cave, the right entering the right atrium 
normally and the left entering an unusually 
dilated coronary sinus that looks as if it was 
part of a very large right atrium. The left 
atrium is pushed upwards and to the left. 
There was a large atrial septal defect which no 
doubt further increased the size of the right 
atrium. Both atria communicated with their 
respective ventricles but the left was very much 
smaller than the right. Case 45, Brinton and 
Campbell (1953). 


There are no clinical signs or symptoms to suggest the presence of a left-sided superior vena 
cava, though sometimes it can be recognized in life by the radiological picture (Brown, 1939). 
An example is shown in Fig. 5: the pedicle is broad and V-shaped and both sides have a straight 
border. But this picture is not common and often can not be recognized even when there are 
known to be bilateral S.V.C., though sometimes one S.V.C. may be seen better if the patient is 
turned towards the right and the other if he is turned towards the left. 

On angiocardiography or cardiac catheterization, however, there is generally no difficulty in 
recognizing a left superior vena cava, though even then there is some chance about its detection. 
If the investigation is from the left arm it will probably be seen easily, but if it is from the right 
arm catheterization is not likely to reveal it and angiocardiography cannot unless there is a cross 
communication between the right and left S.V.C., and this is far from constant. Even under these 
conditions, the catheter (Fig. 6A and 10) or the diodone (Fig. 12) after reaching the right atrium 
may pass up the coronary sinus and so reveal a left S.V.C. 

Bilateral S.V.C. may both be demonstrated by angiocardiography.. In Fig. 6B the left innominate 
vein makes a wide communication between the two so that both are well displayed and can be 
seen draining into the right atrium, the left through the coronary sinus. In Fig. 7 the communica- 
tion is small and only allows a trickle into the right S.V.C., most of the diodone reaching the right 
atrium through the left S.V.C. and the coronary sinus. In Fig. 8 there is a small vein crossing to 
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Fic. 5.—Radiograph showing bilateral superior vene cave. The 
straight borders on both sides of the pedicle giving this a V-shape 
indicate the presence of S.V.C. on both sides; but most cases do not 
show this. From a cyanotic patient who had the general picture 
of Fallot’s tetralogy, probably with pulmonary atresia and a patent 
ductus or other collateral artery on the right side. Case P021. 


the right but it does not fill the right $.V.C. which can just be seen below filling from the right 
atrium and was demonstrated clearly by catheterization. 

A left S.V.C. does not as a rule affect the prognosis of the patient’s condition or produce a 
change by which it can be suspected except in these very rare cases where it drains into the left 
atrium, and so produces a right-to-left shunt (see Case 2, p. 435). Nor does it cause difficulty 
to the surgeon when operating for whatever associated cardiac condition may be present (Brock, 
personal communication). When found by chance at operation, it should not be ligated for almost 
certainly it drains through the coronary sinus into the right atrium: it may be playing an important 
part in the circulation, for often the communication between the two S.V.C. may be small or absent, 
though in other cases there may be a large left innominate vein. 

Its Influence on Cardiac Catheterization. Generally the presence of a left-sided S.V.C. does 
not appear to be of great practical importance. This is not so, however, when catheterization is 
carried out from a vein in the left arm, for there is no doubt that it increases the difficulty of the 
orocedure and may do this in several ways. The angle between the left subclavian vein and a left 
5.V.C. is much more acute than that between this vein and the normal left innominate vein: this 
nay cause difficulty with the passage of the catheter and may necessitate the use of a vein in the 
‘ight arm to achieve successful intubation of the heart. Even if the catheter passes down the left 
».V.C. and reaches the right atrium, the direction from which it enters this chamber makes it diffi- 
cult to manipulate it into the right ventricle and the pulmonary trunk. While the catheter tip is 

n the right atrium it tends to be thrust against the atrial wall by the curve of the coronary sinus 
0 obstructing its orifice and rendering blood sampling very difficult (Fig. 9). If, therefore, this 
ibnormality is known or suspected to be present beforehand it is better to carry out the catheteriza- 
ion through a vein in the right arm. 
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Fic. 6.—Bilateral superior ven cave with a large left innominate vein joining the two, the left S.V.C. 
entering the right atrium through the coronary sinus. (A) The catheter from the inferior 
vena cava has entered the right atrium and after coiling round in it has passed up the coronary 
sinus to a left S.V.C. (B) Angiocardiogram showing filling of both S.V.C. and the left 
innominate vein from the left arm; both S.V.C. enter the right atrium. From a patient with the 
general picture of Fallot’s tetralogy with a severe stenosis (perhaps atresia) and a well marked 
collateral circulation giving rise to a continuous murmur. The left S.V.C. was seen at 
operation also when a successful Pott’s anastomosis was performed. Case 0683. 


Apart from these difficulties, the left S.V.C. may result in two characteristic findings which call 
for recognition. These are the appearances of the catheter passing down the left S.V.C. if intro- 
duced in that direction, or passing up it should the coronary sinus be intubated during exploration 
of the right atrium entered from some other direction, i.e. from a right S.V.C. (Fig. 10) or from 
the I.V.C. (Fig. 6A). It is important to realize that the passage of the catheter right across the heart 
that occurs in these circumstances, with the detection throughout of venous pressures, does not 
indicate passage through an atrial septal defect. 


INCIDENCE OF LEFT-SIDED SUPERIOR VENA CAVA 


In her analysis of 1000 cases examined post mortem, Abbott (1936) found 36 examples of per- 
sistent left superior vena cava, of which she classified 9 as major and 27 as minor associated 
abnomalities. We have found an incidence of about 3 per cent among more than 1500 cases of 
congenital heart disease, but as many of these have had no special investigations the total is pro- 
bably much higher than the number we know of. 

Search of 200 cardiac catheterization reports, 200 angiocardiograms, and reports of operations 
upon over 250 patients (these three groups overlapping considerably) revealed 21 examples among 
our patients at Guy’s Hospital, and the other 25 have been noted incidentally. This at first sigh' 
suggests a higher incidence than in Abbott’s series, but to some extent this may be offset by the fact 
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Fic. 7 Fic. 8 
Fic. 7.—Angiocardiogram showing the main filling of the right atrium through a left superior 
vena cava and the coronary sinus. There is a small communication through the left 
innominate vein to the right $.V.C., which can also be seen faintly. Case 0037. 


Fic. 8.—Angiocardiogram showing the main filling of the right atrium through a left S.V.C. and 
the coronary sinus. There is a small communication through the left innominate vein but it 
does not noticeably fill the right S.V.C., though the lower termination of this seems evident 
on the right of the figure. Case 1034. 


“1G. 9.—The catheter has passed from the left arm down the left superior vena cava and the coronary sinus to enter 
the right atrium. It is not easy from this position to manipulate the catheter into the right ventricle, as the tip 
often lies against the right wall, as here. The level at which the catheter passes to the right is low for an atrial 
septal defect. The left S.V.C. was seen at operation also. From a patient with Fallot’s tetralogy. Case 0819. 
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that most of our 21 examples were cyanotic and these formed a smaller proportion of Abbott’s 
cases. 

Eight of these 21 examples of a left-sided S.V.C. were detected by angiocardiography. In three 
of the eight the injection was given from the right arm: one was demonstrated by the dye passing 
across the communication between the two vene cave and then passing down both vessels, one 
found by cardiac catheterization was shown on angiocardiography by reflux from the right atrium 


Fic. 10.—The catheter has passed from the right arm 
down through the right S.V.C. to the right atrium 
and has passed up the coronary sinus to the left 
S.V.C. From an acyanotic patient with a left-to- 
right shunt through an atrial septal defect or 
possibly from pulmonary venous drainage into the 
right atrium. Case H36l. 


(Fig. 11 and 12) and the third was shown by angiocardiography and by catheterization but here a 
right S.V.C. was not demonstrated though it may have been present. These three represent an 
incidence of less than one in fifty patients injected from the right arm. In the other five the injection 
was given from a vein of the left arm, making an incidence of about one in seven of patients so 
injected, which suggests that more examples of this condition might have been found if the left 
arm rather than the right were used as a routine for angiocardiography, but the cases are very 
few and almost certainly atypical. 

These figures of incidence all refer to patients with congenital heart disease but Sanders (1946) 
thinks that the incidence of a left-sided S.V.C. is as high as 1 in 350 cadavers, and Papez (1938) 
found 2 among 635 cadavers dissected. 


FINDINGS IN OUR 46 CASES 


We have seen 46 cases with a superior vena cava on the left, and in 30 and probably more of 
these there was one on the right side also. There was some form of transposition of the thoracic 
or abdominal viscera in 18 of the 46: this means that over 40 per cent of our cases with dextrocardia 
and isolated levocardia had a left-sided S.V.C., but only 2 per cent of over 1500 other cases with 
congenital heart disease. In the other 28 the heart and abdominal viscera were normally placed 
and they will be dealt with first as they are somewhat simpler. 
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Fic. 11.—The catheter has passed down a left-sided S.V.C. to the right atrium: after turning across to the right it 
has passed up a right S.V.C. The position is suggestive of a catheter entering through the coronary sinus and 
is low for an atrial septal defect. Case 0099. 


Fic. 12.—Angiocardiogram showing diodone entering the heart by the right S.V.C. From here it passes across to 
the left perhaps through an atrial septal defect but below this shadow there is a large broad U-shaped curve 
that seems to be diodone passing up the coronary sinus to a left S.V.C. Compare Fig. 11, which shows the 
catheter in this position in the same patient. Case 0099. 


WITH HEART AND ABDOMINAL VISCERA NORMALLY PLACED 


Of these 28 examples of a left-sided superior vena cava 21 had cyanotic and 7 had acyanotic 
congenital disease (see Table I). 

Cyanotic Group. Most of these had Fallot’s tetralogy but 14 out of 21 cases is no more than 
might be expected on its general incidence, especially considering that more of those thought 
suitable for help by operation had full investigations. Four of these had additional complications: 
one had a curious rotated heart with apparent evidence of left ventricular preponderance but 
certainly had pulmonary stenosis, two were thought to have pulmonary atresia and a patent ductus. 
arteriosus, and one had a heart that was almost bilocular but with the other features of Fallot’s 
tetralogy (Case 1, see p. 434). 

Two others and possibly a third had tricuspid atresisa, one had partial transposition of the main 
arteries with pulmonary stenosis, one had Eisenmenger’s complex, and one was thought to have 
Ebstein’s disease. The last (Case 2) had complicated venous abnormalities with all the pulmonary 
veins draining into the right atrium. 

Of the 21 cyanotic cases, at least 16 had bilateral S.V.C., and probably more, for 4 of the remain- 
ng 5 had no special investigations, the left S.V.C. being seen only at operation. The left S.V.C. 
vas thought to drain into the right atrium through the coronary sinus in all but Cases | and 2 (see 
). 435) though this was not certain, of course, when the vessel was observed at operation only. 

Acyanotic Group. Of the 7 cases with acyanotic congenital heart disease, there were atrial 
‘eptal defects in three and probably in a fourth, and simple pulmonary valvular stenosis with 
in added left-to-right shunt in the other three: this was from pulmonary veins entering the right 

trium in one, from the same cause or from an atrial septal defect in one, and perhaps from an 


t’s 
ea | 
an 
{ 
ion 
SO 
left f 
ery 
146) 
38) | 
3 
t 
> of 
acic 
rdia 
vith 
iced 
| 
= 


432 CAMPBELL AND DEUCHAR 
TABLE I 
TWENTY-EIGHT CASES WITH A LEFT SUPERIOR VENA CAVA WITH THE HEART AND ABDOMINAL VISCERA NORMALLY 
PLACED 
4 Evidence for presence of: 
No. yoy Diagnosis left SVC. Remarks 
Right S.V.C.| Left S.V.C. ™ 
0819 | MI3 Fallot’s tetralogy ? C Op. - Fig. 9 
0807 | Mil Fallot’s tetralogy A C Op. ‘é 
0609 | F6 Fallot’s tetralogy ? Op. * 
0046 | M4 Fallot’s tetralogy ? Op. 
0037 | F3 Fallot’s tetralogy A A ss Fig. 7 
H119 | F8 Fallot’s tetralogy ? Op. 
H110 | M18 Fallot’s tetralogy N N ° Necropsy 
P179 | M5 Fallot’s tetralogy Cc? & 
0578 | M6 Fallot’s tetralogy iy Op. ° 
0629 | M3 Fallot’s tetralogy A Op. 
0212 | Fil Pulmonary stenosis A C Cc 
P021 | FIO Pulmonary atresia Op. Fig. 5 
0683 | FS Pulmonary atresia A A C a Fig. 6 
0167 | M12 Cor biloculare and P.S. A N Op. N Case | (Campbell and 
Jackson, 1953) 
POS7 | M19 Tricuspid atresia A Op. 
0408 | FIS Tricuspid atresia A C 
0099 | M6 ?Tricuspid atresia mS A € é Fig. 11 and 12 
1094 | M5 Transposition of main arteries | C A ” Fig. 8 
and P.S. 
P173 | F30 Eisenmenger’s complex Cc 
0043 | FI2 Ebstein’s anomaly 
0956 | FIO Multiple venous abnormalities A C c Case 2 and Fig. 13 
0570 | M33 A.S.D. N CN (Trounce, 
1953) 
0A21 | M7/12 | A.S.D N N “6 Necropsy (Fig. 4) 
H361 | F42 A.S.D Cc Cc ng Fig. 10 
P224 | M6 2A.S.D. ? c = 
P259 | M12 P.V.S. and L to R shunt A Cc Deuchar and Zak, 
1954, Case 2 
0430 | M9 P.V.S. and L to R shunt ? Cc ” 
P299 | M10 P.V.S. and L to R shunt ? c Deuchar and Zak, 
1951, Case 4 


* Indicates that left S.V.C. drains to right atrium through the coronary sinus. 
A=angiocardiography ; C=catheterization; Op.=Operation; N=necropsy. 


aorticpulmonary defect in the third. It is noteworthy that so many of the acyanotic cases should 
have had a complex combination of lesions. 

Four of the seven had bilateral S.V.C., but in the other three the left was the only one that 
demonstrated. Both were probably present in nearly all, as both were found in the two with 
necropsy and in the only other who had both angiocardiography and catheterization. In all these 
seven the left S.V.C. was thought to enter the right atrium through the coronary sinus. Two of 
these, both with atrial septal defects, had necropsy proof; one is shown in Fig. 4 and the other 
has been fully reported by Trounce (1953). Two other acyanotic cases are included in the section 
on dextrocardia, one with and one without transposed viscera. 


WITH THE HEART OR ABDOMINAL VISCERA TRANSPOSED (18 CASES) 


The simplest form of left-sided superior vena cava is when the heart and all the abdominal 
viscera are transposed to form a mirror image of the normal. When the heart is normal, as it 
usually is in such cases, the left-sided S.V.C. is, of course, the normal one and is generally the only 
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one; although this has not been proved in any of the examples we have seen from time to time 
since none has had any defects that have needed special investigations or has come to necropsy. 
When, however, the heart has added congenital defects, as in the patients discussed here,an S.V.C. 
is often found on both sides. 

The special problems associated with isolated levocardia have been discussed by Campbell and 
Forgacs (1953). The S.V.C. and the venous atrium might be expected to be transposed with the 
other abdominal viscera as in complete situs inversus, and this often happens; but not always, for 
sometimes the venous atrium is not transposed with the abdominal viscera and remains on the 
right side in its normal relationship with the rest of the heart. The cases with dextrocardia are 
here treated less completely because the same problem of the position of the venous atrium would 
demand a full discussion of the findings at angiocardiography and catheterization, which it is hoped 
to deal with in a later paper. We have thought it best to divide these cases according to the nature 
of the transposition (see Table IT). 


(1) Isolated Levocardia with Venous Atrium Transposed to the Left (PI inverted). There were 
6 of these—Cases 1-5 of Campbell and Forgacs (1953) and one found subsequently. Here the 
S.V.C. might be expected to be on the left and this was so in all six cases, and so far as we know 
none had a S.V.C. on the right (see Table I). 


(2) Dextrocardia with Abdominal Viscera Transposed. There were 4 examples of this, all with 
other congenital defects of the heart and all with an S.V.C. on the left, as expected. 

(a) One was acyanotic and catheterization showed the S.V.C., the venous atrium, and the 
1.V.C. all on the left, but no evidence of a S.V.C. on the right: this follows the pattern of complete 
situs inversus with a heart that is otherwise normal, but in this case there was a large left-to-right 
shunt as some or all of the pulmonary veins drained into the left venous atrium. 

(b) Three were cyanotic and all had a left-sided S.V.C. and one on the right as well. In two 
of these the venous atrium was not transposed and the left S.V.C. drained through the coronary 
sinus into the right atrium; in the third (Case 5, see p. 436) there was no true coronary sinus. 


(3) Isolated Levocardia with Venous Atrium on the Right (PI upright). There were three of 
these—Cases 7, 9, and 10 of Campbell and Forgacs (1953). Here, as might be expected, all three 
(and many but not all of the reported cases) had a right-sided S.V.C., but had also a left-sided 
S.V.C. The left S.V.C. drained into the right atrium through the coronary sinus in two but into 
the left side of a common atrium in the third (Case 3, see p. 435). 


(4) Dextrocardia without Transposed Abdominal Viscera. There were 5 of these and in 4 at 
least there were again bilateral S.V.C. If the S.V.C. had been single, it is hard to know whether it 
should be expected on the right or on the left as this would depend on whether the venous atrium 
was transposed like the rest of the heart or in its normal position like the abdominal viscera. In 
three the left S.V.C. reached the right atrium through the coronary sinus, in Case 6 it reached the 
right side of what was practically a single atrium (see p. 436), and in Case 7 it entered the left atrium, 
but this was probably the transposed venous atrium. 


Summary. In the 7 cases of groups 1 and 2(a), where the venous atrium was transposed, the 
left S.V.C. was thought to be the only one: it went directly into a left venous atrium and the pul- 
monary veins into a right arterial atrium. This is, we think, the only condition, apart from 
complete mirror-image situs inversus, in which a lone superior vena cava on the left side is the 
usual pattern, and Case | of Campbell and Forgacs is our only example of such a condition proved 
by necropsy. 

In 34 of the other 39, who generally had bilateral S.V.C., the left was thought to drain through 
the coronary sinus into the right atrium or occasionally into the right side of a single atrium. The 
five exceptions, where it drained into the left side of an atrium that was nearly or quite single, will 
be described shortly. 
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TABLE II 
EIGHTEEN CASES WITH A LEFT SUPERIOR VENA CAVA AND PARTIAL TRANSPOSITION OF THE VISCERA 


Evidence of presence of: | Method of 
Case | Sex and Diagnosis drainage Remarks 
No. | age of left 
Right S.V.C.} Left S.V.C. §.V.C. 
(1) Isolated levocardia with venous atrium transposed to left 
0405 | M3 Pulmonary stenosis Absent N si Campbell and Forgacs, 
1953, Case 1 
0428 | FI9 ?Pulmonary stenosis Absent A C Case 2 
Pi0S | Absent A € Case 3 
0556 | F7 Pulmonary stenosis Absent A C t Case 4 
0266 | FS ?Pulmonary stenosis Absent A © t Case 5 
OA09 | M6 ?Pulmonary stenosis Absent A € t 
(2) Dextrocardia with abdominal viscera transposed 
0392 | M20 Pulmonary veins to venous atrium | ?Absent Cc t Acyanotic 
H130 | M5 Pulmonary stenosis A € A Op. - Possible pulmonary 
atresia 
0330 | F4 Pulmonary stenosis A C N|{ A Op. N Case 5. Absent I.V.C. 
0347 | Pulmonary stenosis Cc A 
(3) Isolated levocardia with venous atrium on the right 
0136 | MS Cor biloculare, pulmonary atresia; A C N A CN ™ Case 4, Absent I.V.C. 
0146 | M5 Single atrium and pulmonary | Op. N Op. N Case 3 
stenosis 
H126 | F8 Pulmonary stenosis a € A * Campbell and Forgacs, 
Case 10 
d (4) Dextrocardia without transposed abdominal viscera 
0349 | F6 See Case 7 ? AC Case 7. Absent I.V.C. 
0277 | F7 ?Pulmonary stenosis A Op. Op. a 
P099 | M9 ?Slight pulmonary stenosis A 
P180 | M2/12 | See Case 6 N N Case 6. Absent I.V.C. 
P321 | M7 Slight pulmonary stenosis Cc A € + Acyanotic 


* Indicates that the left S.V.C. was thought to go to the right atrium through the coronary sinus. 
+ Indicates that the venous atrium, S.V.C., and I.V.C. are on the left side. 
A=angiocardiography ; C=catheterization; Op.=operation; N=necropsy. 


CASES WITH LEFT S.V.C. DRAINING INTO LEFT SIDE OF ATRIUM 


Generally, the left S.V.C. drains into the right atrium through the coronary sinus. This, 
however, is not always so and, especially when the atrium is single or almost single, it may drain 
into the left side, though even then there is sometimes a primitive undeveloped coronary sinus that 
directs it towards the right side. This happened in five of our cases, two withthe heart and 
abdominal viscera normally placed (Cases 1 and 2) and three with partial transposition (Cases 3, 
6, and 7) and these five will be described shortly. Case 5 is not included here, for though the left 
S.V.C. entered the left side, it reached a left venous atrium and the right S.V.C. also reached this 
atrium near the site of the coronary venous ostium: jf the coronary sinus had been nor- 
mally developed the heart would have been simply a mirror image of the usual arrangement when the 
S.V.C. are bilateral. In three of these and in Case 5, necropsies showed that there was no true 
coronary sinus. All four had single A-V valves, three had single atria, and two had single ventricles, 
the other two having large anterior ventricles and small posterior ventricles, the latter having no 
outlet except through septal defects. In two at least the lungs had three lobes on both sides. 


Case 1 had a heart that was almost bilocular but the other features of Fallot’s tetralogy. The right 
S.V.C. entered the right side of the common atrium and the left S.V.C. entered the left side near the point 
of entrance of the pulmonary veins. He has been fully reported (Campbell and Jackson, 1953). 
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Case 2 had complicated venous abnormalities and all the pulmonary veins drained into the right atrium. 
This was shown by angiocardiography, the diodone entering the right atrium by the right S.V.C. and pro- 
ducing striking filling of the four pulmonary veins at | sec. (Fig. 13). The aorta filled at 2 sec. before the 
pulmonary arteries and no re-filling of the pulmonary veins was seen up to 6 sec. On catheterization, 
the two S.V.C. drained into the two sides of what seemed to be a large single atrium but the difference 
in the O, content (R.A. 86%, L.A. 67%) was enough to suggest that they were separate chambers. 
The drainage of the left S.V.C. to the left atrium may have been partly the cause of the 
central cyanosis but probably there was transposition of the aorta and pulmonary trunk. The heart 
itself and the stomach were in the normal position, but physical and X-ray examination suggested that the 
liver was on both sides, so that possibly she should be included among those with partial transposition. 


A B 


Fic. 13.—Angiocardiogram showing the four pulmonary veins and the right S.V.C. draining into the right 
atrium. (A) at 4 sec., and (B) at 1 sec. after the injection of diodone. Case 2. 


Case 3 has been described (Campbell and Forgacs, 1953, Case 9) as an example of levocardia with 
iransposed viscera: the heart just pointed to the left but was very central, and the stomach was transposed 
though the liver was almost equally on both sides. As in Case 1, the right S.V.C. entered the common 
atrium on the right and the left entered on the left side near the point of entry of the pulmonary veins. 

The other two (Cases 6 and 7) are described in the next section on absence of the inferior vena cava. 


ABSENCE OF THE INFERIOR VENA CAVA 


We have seen 4 cases where there was no true inferior vena cava and blood from the lower 
vart of the body, apart from the portal and hepatic veins, flowed through a large azygos vein to a 
ight or left S.V.C. and so to the atrium. All had a left-sided S.V.C. and three, at least had one 
n the right as well. In one the diagnosis was made by angiocardiography, in one by 
atheterization, and in one by both methods. In two of these three it was proved by necropsy: in 
ie fourth, who died when ten weeks old, no special investigations had been carried out and the 
ondition was found at necropsy. 

All had other complex congenital defects of the heart. Of the three with necropsies, two had 
ngle atria and the third a large atrial septal defect; one had a single ventricle and two had large 
aterior and small posterior ventricles, the only exit from the latter being through ventricular septal 
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defects. All had pulmonary stenosis or atresia. In two of these three and probably in the fourth 
there was a patent ductus arteriosus, and the fourth, who was the least disabled, was thought to 
have an increased blood flow to the lungs. 

All four had some degree of transposition of the viscera. The first had the heart on the left 
but the abdominal viscera transposed. The other three had dextrocardia, one with and two without 
the abdominal viscera transposed (so that in the former the rest of the development could have been 
normal). When the heart was on the left, the azygos vein drained to a right S.V.C.; and when the 
heart was transposed to the right, it drained to a left S.V.C., though one might have expected a 
relationship to the position of the abdominal viscera rather than of the heart. Most other features 
were too variable from case to case for any generalization. These four cases will be described 
shortly. 


Case 4 had a bilocular heart, pulmonary atresia, and a patent ductus arteriosus on the left side. The 
heart was on the left but the abdominal viscera were transposed; a large azygos vein on the right drained 
all the lower part of the body except the portal and hepatic veins, and passed to the right S.V.C. and so 
to the right side of the common atrium. He has been fully reported by Campbell et. al. (1952) and a 
characteristic picture of diodone passing up the right side behind the heart to the right S.V.C. is shown 
in their Fig. 4. There was a left S.V.C. also and this passed through the coronary sinus to the right side 
of the common atrium. 

Case 5 died when he was 6 years old after pulmonary valvotomy. The heart and abdominal viscera 
were both transposed but there were other congenital abnormalities that produced central cyanosis. The 
left S.V.C. received a large azygos vein that drained the abdominal and common iliac veins, and entered 
the left (venous) atrium. The right S.V.C. crossed behind the right (arterial) atrium and terminated at the 
site of the coronary venous ostium in the left atrium. The pulmonary veins drained into the right (arterial) 
atrium. From here the blood passed through a large atrial septal defect to the left atrium, whence it 
passed through a common A-V valve to a large anterior ventricle: both the aorta and the pulmonary trunk 
arose from this. The small posterior ventricle had no outlet except through a ventricular septal defect. 

Case 6 died when he was 10 weeks old. The heart was on the right but the abdominal viscera were not 
transposed. The left S.V.C. and the hepatic vein entered the left side of the atrium. The drainage from 
the rest of the lower part of the body was through a large azygos vein which entered this left S.V.C. The 
right S.V.C. and the pulmonary veins entered the right side of the atrium and continued as a channel behind 
a valve-like flap (? representing an undeveloped coronary sinus) towards the left side of the atrium. The 
two sides formed virtually a single atrium and blood passed through a common A-V valve to a ventricle 
that lay on the left and anteriorly. Both the small pulmonary trunk and the larger aorta arose from this 
ventricle. A large ventricular septal defect formed the only communication with the second smaller 
ventricle. 

Case 7 is still in good health. A girl, aged 6, had been somewhat cyanosed from birth but was not much 
disabled as she could walk up to two miles. The heart was very large (c.t.r. 64) and was on the right but 
the liver and stomach were normally placed. A loud continuous murmur was heard widely over the right 
side, but the pulse pressure was only 95/70. The large pulsatile arteries and the pleonemic lungs suggested 
an increased pulmonary blood flow. 

On angiocardiography, diodone passed down a left S.V.C. (without any obvious cross communication 
to a right S.V.C.) to a venous atrium on the left. On catheterization, both internal jugular veins were 
intubated but no S.V.C. could be entered. From the right saphenous vein the catheter passed up the left 
side, presumably up an azygos vein, and then down a left S.V.C. into a left-sided atrium. There was 
pulmonary hypertension and the pulmonary flow was double the normal. 


DISCUSSION 


Most of the earlier examples of a left-sided superior vena cava were found at necropsy or in 
the dissecting room. McCotter (1916) has written one of the best summaries: adding together 
three of his own cases and others that had been reported, he found 120 cases with a persistent left 
S.V.C. and classified them in four groups (see Table III), the first three all having bilateral S.V.C. 
(96 cases) and the fourth having a lone left S.V.C. (12 cases only). His first group consisted of 
those with a double S.V.C. without any communication between them and included 64 cases or 
more than half the total. His Case 1, a woman, aged 35, who had no other abnormalities of the 
heart was an example of this group: both S.V.C. received an azygos vein. 

His second and third groups were about equal in size and consisted of 32 cases where there 
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TABLE III 
ANALYSIS OF 120 REPORTED CASES WITH A LEFT SUPERIOR VENA CAVA AFTER MCCOTTER (1916) 


Adults (44) and | New-born and 
children (7) foetuses and of Total 
unknown age 


Double S.V.C. with no communication .. 22 42 64 
Double S.V.C. with small communications 12 2 14 
Double S.V.C. with a communication .. 9 9 18 
Left S.V.C. without right S.V.C. .. ae 6 6 12 
Persistent left S.V.C. unclassified me 2 10 12 

Total ays Par 51 69 120 


were double S.V.C. with a normal or with a small communication between them. The smaller 
communications were more common in the adults, so perhaps some of the infants classed as having 
no communication might have developed one later had they lived. His Case 2, a man, aged 45, 
whose heart was large but otherwise normal, belonged to this group. 

His fourth group consisted of 12 cases where the left S.V.C. was the only one present and he 
had no personal example of this. Smith (1916) reported one and found reports of 13 others: 
certainly in his case and probably in the others the left S.V.C. (although it was the only one) drained 
into the coronary sinus and so into the right atrium. 

McCotter did not find any convincing account of a left S.V.C. terminating in the left atrium, 
though more recently Young and Griswold (1951) thought this happened in their Case 4 and Diaz 
and Anido (1949) reported one where ligation of the left S.V.C. seemed to benefit the patient and 
reduce his cyanosis. Brown (1950) quotes some examples and Silvestre (1952) states that it may 
occur as an isolated malformation. 

McCotter does not list a special group where the pulmonary veins drain into the left S.V.C. 
and across by the innominate vein to the right side and so into the right atrium. But his Case 3, 
a man, aged 57, had these features and was classified in his third group, so it is not clear how many 
of the 18 cases in this group may have had this abnormality also. 

Chouke (1939) described a single case of bilateral S.V.C. in a man, aged 50, with no other 
abnormality than atrophic testes, and found more reported since McCotter’s paper, bringing the 
total to over 200 cases. Although he lists these, he does not classify them or add anything about 
the different types. 

As has been stated, most of the earlier examples were found at necropsy or in the dissecting room 
by examination of the cadaver, but Lam (1945) reported that he had seen a left S.V.C. during an 
operation for patent ductus arteriosus and De Groot (1951), describing an unusual case of patent 
ductus arteriosus and bilateral S.V.C., mentioned having seen a left S.V.C. during operations for 
pulmonary stenosis. 

It is, however, the increasing use of cardiac catheterization and of angiocardiography that has 
focused interest on these conditions and led to a much larger number being discovered. Having 
‘een demonstrated by one of these methods, it may occasionally be recognized in retrospect on the 
lain radiograph of the chest as a faint shadow with a straight border running down against the 
. ft side of the upper mediastinum (Fig. 5), but this is rarely pathognomonic. 

Cournand et al. (1949) and Friedlich et a/. (1950) appear to have been the first to describe the 
ypearance of passing a cardiac catheter along a left S.V.C., and cases recognized by 
igiocardiography were reported by Gordon et al., by Cooley et a/., and by Campbell and Hills, 
| in 1950. Castellanos (1951) and his associates had seen 41 cases and Brantigan (1947), Young 
947), Edwards and Du Shane (1950), and Edwards (1951) have reported some interesting types 
' venous abnormalities. Berri et a/. (1952) have found a left S.V.C. opening into the right 


rium through the coronary sinus in 3 of 19 cases of Fallot’s tetralogy. Steinberg et al. (1953) 
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have reported 11 cases, many of which were associated with complex cardiac abnormalities, 
including two with transposition of the viscera; but it is interesting that four of their cases had, 
so far as was known, no other congenital abnormality and among these four was the only example 
of a lone left S.V.C. 


SUMMARY AND CONCLUSIONS 


A left-sided superior vena cava is not rare in cases of congenital heart disease. We have found 
one present in 46 cases—in 2 per cent of those with the heart and abdominal viscera in their normal 
position (28 cases) and in 40 per cent of those with some degree of transposition of the viscera 
(18 cases). 

When there is mirror-image dextrocardia and situs inversus, the S.V.C. is, of course, on the left 
side, and is then the only one. In seven of our cases of incomplete transposition of the viscera, the 
S.V.C. was, we think, of this type: most of these had levocardia with transposition of the abdominal 
viscera (Group 1). 

More often, even when there is partial transposition of the viscera, there is a S.V.C. 
on the right as well as on the left, the right draining into the right (venous) atrium normally, 
and the left reaching the same atrium through the coronary sinus. This demands no great change 
in the normal embryological development—only that the upper part of the left anterior cardinal 
vein does not become obliterated. Most of our cases appeared to be of this type, 34 of the 39 
where there was not thought to be a lone S.V.C., and in at least 26 of the 34 the S.V.C. was 
bilateral. 

In the remaining five cases the right S.V.C. drained into the right side and the left S.V.C. into 
the left side of an atrium that was without an interatrial septum or at least with a large atrial septal 
defect. This means an arrest of normal development at an earlier stage, for there has been no 
normal division of the two atria, no normal absorption of the sinus venosus into the right atrium, 
and no normal development of the coronary sinus, for the left anterior cardinal vein and the left 
sinus horn have remained in a more primitive state. 

We have seen no example of a left S.V.C. draining into an otherwise normal left atrium and 
producing a right-to-left shunt. 

In two of the five cases with the left S.V.C. draining into the left side of an atrium that was 
generally single, and in two others, there was no inferior vena cava and blood from all the lower 
part of the body, except that flowing through the portal and hepatic veins, passed up an azygos 
vein to a right or left superior vena cava and so to the atrium. All had some degree of trans- 
position of the viscera. 

The presence of a left superior vena cava and the absence of the inferior vena cava are both 
more common when there is partial transposition of the viscera. This is partly explained by a 
failure of the normal development from the symmetrical bilateral pattern of the veins to the asym- 
metrical unilateral pattern in all three conditions. 

Until the last few years a left-sided superior vena cava was observed mainly in the post-mortem 
and dissecting rooms, but the increasing use of angiocardiography and cardiac catheterization has 
led to its more frequent detection in life and most of our cases were found in this way. . 

The presence of an S.V.C. on the left side does not, as a rule, seem to be of much practica! 
importance If, however, its presence is suspected, catheterization is better carried out from the 
right arm, as it may prove difficult after entering the atrium from the left S V.C. and the coronar) 
sinus. When a left S.V.C. is found at operation it should not be ligated as probably it drain: 
into the right atrium through the coronary sinus. 


We are grateful to Professor T. B. Johnston for some guidance but he cannot be held responsible for the view; 
expressed. We also wish to thank several colleagues for help—with operations, with angiocardiography, and wit: 
catheterization. 

A forty-seventh case has been found since this was completed. There was a ventricular septal defect with a1 
over-riding aorta but he was acyanotic until terminally. The left S.V.C. drained through the coronary sinus int ) 
the right atrium. 
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THE NATURE OF PULMONARY HYPERTENSION IN MITRAL 
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It is known that both functional reversible, and organic, narrowing of the pulmonary arterioles 
play a part in the increased pulmonary arteriolar resistance found in many cases of mitral stenosis. 
Parker and Weiss (1936), Larrabee et al. (1949), Henry (1952), and Harrison (1953) have demon- 
strated occlusive changes in the small arteries. The observations of Hickam and Cargill (1948), 
Bayliss et al. (1950a), and Holling (1952) that a rise in pulmonary artery pressure without a rise in 
cardiac output can occur in severe mitral stenosis on exercise, suggests a functional vasoconstriction, 
and this view has received support from Dexter et al. (1950) and Gorlin et al. (1951). Moreover, 
the narrowing of the small pulmonary arteries in patients with mitral stenosis and pulmonary 
hypertension which has been demonstrated by angiocardiography in life (Goodwin ef al., 1952; 
Actis-Dato et al., 1952; Davies et al., 1953) has often been absent in post-mortem injection studies 
of lungs from such patients (Steiner and Goodwin, 1954). In addition, the frequent fall in arteriolar 
resistance following successful valvotomy, argues a reversible process (Werk6 et al., 1953; Baker 
et al., 1952). The cause of the arteriolar constriction is not known, but it has been regarded 
teleologically as a protective phenomenon, shielding the pulmonary capillaries from the right 
ventricle (Lewis et al., 1952; Wood, 1952). Taquini et a/. (1953) have suggested that since the 
increased arteriolar resistance imposes a severe load on the right ventricle, such patients follow a 
rapidly downhill course (“* mitral stenosis with cor pulmonale ’’). Araujo and Lukas (1952) found 
that increased arteriolar resistance on exercise did not prevent large increases in pulmonary venous 
pressure in patients with mitral stenosis, and rejected the concept of a compensatory increase in 
pulmonary arteriolar resistance, believing this to be due primarily to anatomical narrowing of the 
arterioles. 


HEXAMETHONIUM BROMIDE AND THE PULMONARY CIRCULATION 

The effect of hexamethonium bromide on the pulmonary circulation was investigated during 
cardiac catheterization in 12 patients with mitral valve disease and varying degrees of pulmonary 
hypertension. Gilmore et al. (1952) showed that, in patients with systemic hypertension, 
hexamethonium prevented the normal pulmonary vasoconstriction which occurs on assuming 
the upright position, and it was hoped that similar studies would shed further light on th: 
autonomic control of the pulmonary vasculature in mitral stenosis, and might be of therapeutic 
significance in patients who were unsuitable for valvotomy. All the patients were investigated 
by cardiac catheterization to complete assessment of suitability for operation. Nine patien's 
had mitral stenosis, three had predominant mitral incompetence, and two had additional significa:t 
aortic valve disease. Pulmonary hypertension of varying severity was present in all save four 
patients. 


Methods. Cardiac catheterization was performed in the semi-recumbent position after prelimina-y 
sedation. Arterial oxygen saturation was measured either by oximetry, or by analysis of a specim:n 
obtained by arterial puncture. The oxygen consumption was measured by Douglas bag and Haldane gis 
analysis, and blood samples were analysed in the Haldane blood gas apparatus (Bayliss et al., 1950b). Te 
pulmonary arterial pressure was measured by strain gauge manometer in the resting state and recumbent 
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position; the initial readings before hexamethonium were those recorded approximately 5 minutes after the 
catheter had been introduced into the pulmonary artery, and when the patient had settled down. The 
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Fic. 1.—Case 2. Pulmonary arterial pressure, cardiac output, and systemic blood 
pressure before and after hexamethonium. 


irdiac output was measured by the Fick principle, and the systemic blood pressure by strain gauge 
lanometer connected to an indwelling arterial needle, or by sphygmomanometry. 

In order to avoid the possibility of a fall in pulmonary arterial pressure being secondary to a profound 
ll in systemic blood pressure, the dose of hexamethonium bromide (usually 15-20 mg.) was determined 
y previous tests in each patient. The amount which produced a fall in the systolic arterial blood pressure 
f 10-20 mm. Hg in the recumbent position was given. The pulmonary arterial pressure and systemic 
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blood pressure were recorded at intervals after the injection of hexamethonium down the catheter, and the 
cardiac output measured after 15 minutes. 


Results. In Cases 1-4, with severe pulmonary hypertension and systolic pulmonary arterial pressures 
between 55 and 90 mm. Hg, the administration of hexamethonium was followed by a marked fall in systolic 
pulmonary arterial pressure amounting to 30—40 per cent of the resting figure, and this fall was maximal 


Effect of Hexamethonium on pulmonary 
circulation in mitral stenosis. 
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FALL IN SYSTEMIC BLOOD PRESSURE. mm. Hg. 


Fic. 2.—Effect of hexamethonium on the pulmonary arterial pressure, cardiac output, heart rate, and 
systemic blood pressure in 12 cases of mitral valve disease. 


from 10 to 15 minutes after the injection. There was a much smaller fall in diastolic pulmonary arterial 
pressure. The systemic blood pressure fell much less than did the systolic pulmonary pressure. The 
cardiac output at this time showed no significant change in three patients, and a slight rise in the fourth. A 
slight increase in heart rate occurred in three patients, and a decrease in one. 

In Cases 5, 6, and 8 no fall in systemic blood pressure occurred; sufficient hexamethonium was probably 
not given, which would account for the negligible fall in systolic pulmonary pressure in patients 5 and 6, who 
had a high initial systolic pulmonary arterial pressure. 

The remaining patients, who had slight or moderate pulmonary hypertension, or normal pressures. 
showed a small fall in pulmonary arterial pressure. This was within the variation normally encountered 
during the control period. These patients also showed considerable variations in cardiac output, consistins 
of an increase in Case 10, a small fall in Cases 9 and 12, and a greater fall in Case 11. They had clinicall, 
less severe mitral stenosis than Cases 1-8, and changes in output could have resulted from emotional o 


other factors. In two patients the pulmonary capillary pressure (Hellems et al., 1949) was measured befor: 
and after hexamethonium, a fall occurring in both patients. 
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The fall in pulmonary arterial pressure without a fall in cardiac output in Cases 1, 2, 3, 4, and 7, indicates 
a reduction in total pulmonary vascular resistance. However, no such trend occurred in the patients 
without pulmonary hypertension (Cases 9-12) since the fall in pulmonary arterial pressure after 
hexamethonium was slight, and the cardiac output was variable. No definite deductions could be drawn 
from patients 5, 6, and 8, since it is probable that insufficient hexamethonium was given. 


DISCUSSION 


The fall in total pulmonary vascular resistance in patients with severe and moderately severe 
pulmonary hypertension cannot be fully explained on the data available. A shift of blood from 
the lungs to the peripheral vascular bed might be implicated in the fall in pulmonary resistance, 
but the fall in pulmonary arterial pressure was much greater than that in the systemic arterial 
pressure. 

Pulmonary arteriolar dilatation seems the most likely explanation for the fall in total pulmonary 
resistance. The fact that the fall in pulmonary arterial pressure affected mainly the systolic com- 
ponent is not inconsistent with this hypothesis, since Fowler et a/. (1952) found that the pulmonary 
arteriolar resistance was related as much to the systolic pressure as to the mean and diastolic pres- 
sures. If arteriolar dilatation is produced by hexamethonium, then autonomic influences are im- 
portant factors in the production of arteriolar vasoconstriction. 

Similar conclusions were reached by Fowler et al. (1950) who noted a fall in pulmonary pressure 
in 4 of 6 patients with pulmonary hypertension due to causes other than mitral stenosis, after 
tetra-ethyl ammonium chloride. Wilson and Keeley (1953) studied the effect of hexamethonium 
on the pulmonary arterial pressure in seven patients with pulmonary hypertension, two of whom 
had mitral stenosis. A fall in pulmonary arterial pressure occurred in both the latter patients, 
but was associated with a profound fall in systolic arterial pressure, a much larger dose of hexa- 
methonium having been used. 


PULMONARY HYPERTENSION 


Hexamethonium has now been administered by us to a number of patients with mitral stenosis, 
and in none of these have we noted any untoward effects, such as dyspnoea, or pulmonary cedema. 
This indicates that reduction in pulmonary arterial pressure in severe pulmonary hypertension can 
be without harmful influence. We have also given hexamethonium to two patients with pulmonary 
cedema due to mitral stenosis. In one case, in which no other treatment had been given, there was 
dramatic relief of dyspnoea and disappearance of pulmonary rales. In the other patient hexa- 
methonium was given after the usual therapy had failed to produce significant improvement, and 
was followed by resolution of the edema. Studies are continuing on the effect of hexamethonium 
on pulmonary cedema in mitral stenosis. 

We have been impressed by the greater severity of the symptoms and poorer prognosis in 
patients with mitral stenosis who have severe pulmonary hypertension than in those with slight or 
moderately raised pulmonary arterial pressure. It seemed to us that the former patients, like 
those mentioned by Taquini er a/. (1953), pursued a rapidly downhill course, and that severe pul- 
monary hypertension is a factor in worsening prognosis. It is, of course, true that patients who 
!ave high pulmonary capillary pressures but a low arteriolar resistance may have attacks of severe 
pulmonary oedema (Baker et a/. 1952), but it has been our impression that such attacks are more 
common in patients with severe pulmonary hypertension. 

We have therefore examined the relationship between attacks of paroxysmal dyspnoea, and 
‘\roxysmal orthopnea on the one hand, and severe pulmonary hypertension on the other, in 103 
itients with mitral valve disease. The pulmonary arterial pressure at rest had been measured in 

of these, 22 of whom gave a history of attacks of spontaneous dyspneea or orthopneea, while 29 
id no such history (Fig. 3). Taking an arbitrary level of 60 mm. Hg for the systolic pulmonary 
. terial pressure (which may be assumed to indicate arteriolar constriction), 13 (59%) in the first 
: oup had pulmonary arterial pressures above this figure. By contrast, only 7 (24°) in the second 
: oup had a systolic pulmonary arterial pressure of 60 mm. Hg or above. There is a significant 
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correlation between systolic pressures greater than 60 mm. Hg and paroxysmal dyspnea or 
orthopneea on the one hand, and between pressures of less than 60 mm. Hg and lack of these 
symptoms, on the other (x2=6-4). The pulmonary arterial pressure was assessed radiologically 
by examination of changes in the pulmonary arteries in the same 51 patients and in an additional 


160. RELATION OF PAROXYSMAL DYSPNOBA OR ORTHOPNOBA TO PULHKONARY ARTERIAL PRESSURE IN MITRAL STENOSIS. 


22 PATIENTS WITH MITRAL STENOSIS AND 
PAROXYSMAL DYSPNOBA OR ORTHOPNOEA. 


Ld 


13 PATIENTS (59~) HAD PRESSURES 


OF 60mm. Hg OR MORE. 


29 PATIENTS WITH MITRAL STENOSIS WITH 
NO PAROXYSMAL DYSPNOEA OR ORTHOPNOEA 


o 


6 


° 


PULMONARY ARTBRIAL PRESSURE (in mms. of Hg) 
x) 


7 PATIENTS (240) HAD PRESSURES 
OF 60mm. Hg OR MORE. 


4O | | 


Fic. 3.—Relationship between history of paroxysmal dyspnoea or orthopneea and pulmonary arterial 
pressure in 51 patients with mitral valve disease. 


52 patients in whom the pulmonary arterial pressure was not measured by cardiac catheterization. 
Fig. 4 shows that of 43 patients with paroxysmal dyspnoea or orthopneea, 53 per cent had changes 
in the lungs indicative of a systolic pulmonary arterial pressure of 60 mm. Hg or more (Grade II). 
while 35 per cent had less severe changes (Grade I) indicating a pressure of less than 60 mm. Hg. 
and only 12 per cent had no changes (indicating a normal pulmonary arterial pressure). Of 6( 
patients with no paroxysmal dyspnea, only 25 per cent had high pressure changes in the lungs 
43 per cent had moderate changes, and 32 per cent had no radiological pulmonary arterial abnor 
malities, indicating a normal pulmonary arterial pressure. There is a significant correlatio1 
between paroxysmal dyspnoea or orthopnoea and severe pulmonary hypertension (Grade II) o1 
the one hand, and between absence of these symptoms and minimal or moderate hypertensio:: 
(Grade 0 or 1), on the other (x?=8-7). Predominant mitral incompetence occurred with equa! 
frequency in patients with and without paroxysmal dyspneea. 

These results tend to confirm our clinical impression that severe pulmonary hypertension i: 
associated with attacks of dyspnoea, and suggests that the increased arteriolar resistance may nc: 
be “ protective”’ in nature. The absence of any untoward symptoms or dyspnoea after hexa- 
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methonium, which has been shown to lower the vascular resistance in severe pulmonary 
hypertension, further suggests that the concept of protective arteriolar constriction would bear 
re-examination. However, until the exact mode of action of hexamethonium upon the pulmonary 
circulation is known, this matter cannot be settled conclusively. We believe, however, that severe 
pulmonary hypertension is a serious complication of mitral stenosis, indicating a poor prognosis, 
and is associated with steady deterioration in the condition of the patient. Mitral valvotomy 
benefits many of these patients, who may show a fall in pulmonary arteriolar resistance as a result 
(Werk6 et al., 1953; Baker et al., 1952). Hexamethonium might be of value in the treatment of 
patients with severe pulmonary hypertension who are unsuitable for valvotomy because of pre- 
dominant mitral incompetence or for other reasons, or in the treatment of attacks of paroxysmal 


dyspnoea due to mitral stenosis. 


60 PATIENTS. 43 PATIENTS, 
NO PAROXYSMAL DYSPNOEA WITH PAROXYSMAL DYSPNOEA OR ORTHOPNOEA 
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PULMONARY ARTERIAL CHANGES AND PAROXYSMAL DYSPNOEA OR ORTHOPNOBA. 


Fic. 4.—Relationship between radiological evidence of pulmonary hypertension and a history of symptoms 
of paroxysmal orthopneea or dyspneea in 103 patients with mitral valve disease. 


SUMMARY 

Hexamethonium bromide, administered during cardiac catheterization, was found to produce 
sharp fall in pulmonary arterial pressure without a fall in cardiac output in patients with severe 
ulmonary hypertension due to mitral stenosis. This reduction in total pulmonary vascular 
2sistance is considered to be due probably, though not certainly, to arteriolar dilatation. If this 
so, then these results provide further evidence of a reversible narrowing of the pulmonary 
rterioles, which must be mediated, at least in part, through the autonomic nervous system. The 
-nplications of these findings are discussed, with particular reference to the association between 
aroxysmal dyspnoea and pulmonary hypertension in mitral stenosis. Analysis of 103 cases of 
‘\itral stenosis indicated that attacks of paroxysmal dyspncea or orthopncea were more frequent 
| patients with active pulmonary hypertension than in those without. It is suggested that 
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pulmonary arteriolar constriction may not always be protective in nature, that active pulmonary 
hypertension represents a severe complication of mitral stenosis, and that hexamethonium might 
prove useful in the treatment of attacks of paroxysmal dyspneea, or of pulmonary hypertension in 
patients who are unsuitable for valvotomy. 


We wish to express our appreciation to Dr. Richard Turner, whose example prompted this work, and to Professor 
McMichael for much helpful criticism and advice. We would also like to thank Mrs. Angela Birbeck and Mr. J. 
MacNaughton for valuable technical assistance. We are indebted to Mr. Graham for the figures. 
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THE RIGHT ATRIAL PULSE IN CONGESTIVE HEART FAILURE 
BY 


PAUL KORNER* AND JOHN SHILLINGFORDt 
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Received July 8, 1954 


In the course of a study of tricuspid incompetence (Miiller and Shillingford, 1954) it was found 
that a high mean venous pressure in chronic congestive heart failure was frequently associated 
with an abnormal right atrial pressure curve. We have therefore analysed the right atrial pressure 
records in 48 patients with and without a raised venous pressure. The purpose of this paper is 
to show a progressive change in the form of the right atrial pulse as the mean venous pressure rises 
in patients with cardiac failure. 

Methods. Forty-eight patients are reported; cardiac disease was present in 44, being rheumatic 
in 24, hypertensive in 7, thyrotoxic in 4, pulmonary in 3, and of various types in 6 cases: there was 
no heart disease in the remaining 4 who were catheterized on account of hepatic disease. There 
was sinus rhythm in 31, auricular fibrillation in 16 and auricular tachycardia with 4:1 block in one. 
Intracardiac pressure recordings were made by a Statham strain gauge amplified by a direct current 
amplifier connected to the Elmqvist electrocardiograph. All pressures were measured from a 
reference plane 5 cm. below the sternal angle. 


RESULTS 


The normal right atrial pressure curve (Bloomfield er a/., 1946; and Lagerléf and Werk6, 1948) 
shows a positive wave “‘a”’ beginning just before, and reaching its peak with, atrial systole; the first 
part of the wave is due to passive filling of the right atrium and later to atrial contraction. Following 
this a negative wave (X) occurs at the time of atrial diastole and descent of the base of the heart; 
towards the end of systole a new positive wave “‘v”’ appears due to passive filling of the atrium and 
continues until the opening of the tricuspid valve. At this point the curve dips to the Y descent 
before ascending to the a wave of the next cycle. In auricular fibrillation, where the venous pressure 
is not raised, the curve is the same except for the absence of the a wave and often the fusing of the 
‘\ and Y descents (Fig. 1). In most cases the X is lower than the Y descent. 

In our patients with a raised venous pressure a change in the form of the atrial pulse took 
place; impairment of the X descent occurred at a mean atrial pressure of approximately 5 mm. Hg 
ind as the pressure rose further the descent became less until at a mean atrial pressure of approxi- 

nately 10 mm. Hg a positive systolic wave was usually found (Fig. 2). 

Although the pressure of the Y descent also rose with the mean atrial pressure, it did so more 

-‘owly than the X descent so that the difference in pressure between the X and Y descents increased. 
he relationship of the difference between the X and Y descents and the mean right atrial pressure 
as approximately linear (Fig. 3); Fig. 4 shows the relationship between the Y Gescent and mean 
trial pressure. 

The change in the pattern was the same for patients in auricular fibrillation and in sinus rhythm 

nd appeared to be independent of underlying cardiac disease or of heart rate. There was a greater 
icidence of auricular fibrillation in cases with the highest venous pressure. 


* Research done during tenure of an Australian and New Zealand Life Insurance Medical Research Fellowship. 
t In receipt of a Grant from the Medical Research Council. 
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[ise SINUS RHYTHM _ ATRIAL FIBRILLATION 


Fic. 1.—Right atrial pressure curves in sinus rhythm and in atrial fibrillation. Top line: 
normal X descent. Middle line: impaired X descent. Bottom line: X descent replaced 
by a positive systolic wave. 


DISCUSSION 


Although the intrathoracic pressures were not recorded in this study, all the curves were made 
during quiet respiration when the variations in their shape were minimal. The impaired X descent 
appears to have a direct relationship to the rise in mean right atrial pressure and it is significant 
that there is a gradual change of the X descent into a positive systolic wave; the latter is associated 
with tricuspid regurgitation and it would seem that an impaired X descent means that a smal 
tricuspid leak is present. These results show the association of a raised venous pressure and tri- 
cuspid insufficiency but they do not tell whether the insufficiency is the result of the raised venous 
pressure in a dilated right heart or whether the raised pressure is due, at least in part, to tricuspic 
regurgitation. These changes in the pulse contour appear to be related to the mean right atria 
pressure and not to the underlying cardiac disease or to the presence of auricular fibrillation. | 
must be emphasized that these findings were in cases of chronic heart disease; we have recently hac 
the opportunity of studying a patient with severe anemia, a high cardiac output, and raised venou: 
pressure where a good X descent occurred and thus does not fall into the pattern shown by th« 
chronic cases. 
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O NORMAL SYSTOLIC X DESCENT. 
© IMPAIRED SYSTOLIC X DESCENT. 


O @ POSITIVE SYSTOLIC WAVE. 
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MEAN RIGHT ATRIAL PRESSURE (MM, HG) 


Fic. 2.—The relationship between the mean venous pressure and the form of the atrial pulse. 
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Fic. 3.—The relationship between the right atrial pressure and the difference between the X and 
Y descents. (p=<0-001.) 
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MEAN RIGHT ATRIAL PRESSURE (MM.HG) 
Fic. 4.—The relationship between the mean right atrial pressure and the Y descent. (p=<0-0001.) 


SUMMARY 


The right atrial pressure curves have been studied in 48 patients with and without cardiac failure. 

There was a progressive change in the form of the right atrial pulse curve with a rise in the mean 
right atrial pressure; with moderate rises of venous pressure there was impairment of the X descent 
and in the presence of greater mean pressures a positive systolic wave was found. 

These changes were not altered by the underlying heart disease or the presence of auricular 
fibrillation. 

The possible relationship of these changes to functional tricuspid incompetence is discussed. 


We should like to thank Professor McMichael for his continued help and advice, and also the Physicians of 
Hammersmith Hospital for their assistance and co-operation. 


REFERENCES 


Bloomfield, R. A., Lauson, H. D., Cournand, A., Breed, E. S., and Richards, D. W. (1946). J. clin. Invest., 25, 639 
Lagerlof, H., and Werk, I. (1948). Cardiologica, 13, 17. 
Miiller, O., and Shillingford, J. (1954). Brit. Heart J., 16, 195. 


ee 
| 
4 
AZ 
* 
} 
/} 


639 


THE EFFECT OF CARBON DIOXIDE ON THE PULMONARY 
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The response of the pulmonary vessels to the stimulus of an increased carbon dioxide con- 
centration has been examined in a number of experimental animals, but the results have been 
conflicting. Most investigations have centred on the measurement of pulmonary arterial pressure, 
and it must be remembered that this value gives an indication of the tone of the pulmonary arterioles 
only if account is taken of the rate of pulmonary flow and of possible back-pressure effects from 
the pulmonary venous system. 

Much early work served mainly to emphasize the labile nature of responses in the pulmonary 
circulation. Thus Lohr (1924) found vaso-constrictive changes in the isolated cat lung, but noted 
that this effect could easily be reversed by a trace of adrepaline in the perfusate. Euler and Liljestrand 
(1946), recording pulmonary arterial pressures in the intact cat, were unable to show any effect from 
carbon dioxide until a concentration of 6-5 per cent was reached. Above this level there appeared 
to be a small increase in pressure, but it was admitted that this might be due to coincident changes 
in left atrial pressure and cardiac output. Nisell (1950), in further studies with the isolated cat lung, 
again found a rather variable response: in some instances there was a rise of pulmonary arterial 
pressure with carbon dioxide concentrations as low as 2 per cent, this effect appearing after a short 
latent period of some 30-60 seconds. A vaso-constrictor response to high concentrations of carbon 
dioxide has also been shown in the monkey (Hebb and Nimmo-Smith, 1949), this effect being more 
obvious after some hours perfusion. It would seem, therefore, that the response to carbon dioxide 
is in some way enhanced by a decrease in vitality of the preparation. A further complicating factor 
is a possible species variation in the effect of carbon dioxide on the bronchial musculature (Hebb 
and Nimmo-Smith, 1949). Where pressures are recorded from isolated lungs, or even from open- 
chested animal preparations, the altered extra-pulmonary pressure relationships can produce large 
changes in the capacity of the pulmonary vessels (Ochsner, 1952). 

With the advent of cardiac catheterization, observations on the pulmonary circulation of human 

subjects have been possible. Such studies eliminate the difficulties of species variation, disturbed 
-xternal pressure-relationships, and ageing preparations. However, data must for the most part be 
obtained from pathological subjects, and the actual procedure of catheterization exposes such 
subjects to considerable emotional stress. Motley et al. (1947), using this technique, considered 
he effects of hypoxia and were able to demonstrate a rise in pulmonary arterial pressures similar to 
hat found previously in experimental animals. However, the method does not yet seem to have 
een applied to an investigation of the effects of carbon dioxide on the human pulmonary 
irculation. 

In the present study, pressure/flow relationships in the pulmonary circulation of a group of 

wenty patients with congenital heart disease have been analysed before and during the administra- 
‘on of a 5 per cent mixture of carbon dioxide in air. 


* This work has been submitted in part fulfilment of the requirements of a Ph.D. degree in the Faculty of Science, 
niversity of London. 
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METHODS 


Measurements of Pulmonary Flow and Pressures. The technique of cardiac catheterization used 
in this hospital has been described previously (Holling and Zak, 1950). Two factors must be con- 
sidered in the application of the Fick principle during the breathing of carbon dioxide mixtures. 
Firstly, there is a slight increase in oxygen consumption due to the metabolic cost of hyperventila- 
tion: after a three-minute period of hyperventilation, this increase amounts to some 3 per cent 
of the basal level (Shephard, 1954), and the initial spirometer reading must be corrected accordingly. 
Secondly, the oxygen content of alveolar gas is increased by 2-6 to 2-8 per cent (Shephard, 1954), 
and this produces a small increase in the amount of oxygen dissolved in physical solution in the 
blood. Correction must be applied for this also if an accurate value for cardiac output is to be 
obtained. 

The pulmonary arterial and pulmonary capillary pressures were measured by electromanometer 
(Southern Instruments, Ltd., Camberley). 

The mixture of 5 per cent carbon dioxide in air was supplied to the patients via a B.L.B. mask 
at a rate of 9 litres a minute. 

Subjects. The subjects were drawn from cases of congenital heart disease submitted for 
diagnostic cardiac catheterization. The only factor that influenced their selection was the degree 
of cooperation shown during the initial diagnostic procedures. In all observations the subjects 
were lying horizontally, and pressures have been referred to the mid-axillary line. 


PRESSURE/FLOW RELATIONSHIPS FOUND IN THE PULMONARY ARTERY 


Pressure/flow relationships were studied with the tip of the catheter lying in the right pulmonary 
artery about one inch beyond the bifurcation of the pulmonary trunk, the position being checked 
by fluoroscopy before and after the measurements were made. A blood sample was withdrawn 
after breathing the gas-mixture for three minutes; phasic and mean pulmonary artery pressures 
were recorded immediately before and immediately after taking the sample, the average of the 
two readings being taken as representative of pressures during sampling. 

Pulmonary Arterial Pressures. The change of pulmonary arterial pressure which has been 
produced by the 5 per cent mixture of carbon dioxide is illustrated in Fig. 1. It can be seen that 


mm. Hg 
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O 
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10 20 e 40 5O 60 70 8O mm Hg 
S e Initial mean pulmonary artery pressure. 
Fic. 1.—Changes in Pulmonary Arterial Pressure with 5 per cent Carbon Dioxide. Twenty 


cases of congenital heart disease. A 5 per cent mixture of carbon dioxide in air was 
supplied by B.L.B. mask for a period of three minutes. Note that the increase of 
pressure is somewhat greater in those patients with a high initial pressure. 
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there is a small but consistent increase in mean pressure. The magnitude of this change is perhaps 


_" rather greater in those patients with a high initial pressure (Table I), particularly in cases with a 
nm. left-to-right shunt (Case 1, atrial septal defect; Case 7, ventricular septal defect; and Case 18, 
pe patent ductus arteriosus). 
tila- TABLE I 
cent PULMONARY ARTERIAL PRESSURES BEFORE AND AFTER BREATHING A 5°%, MIXTURE OF CARBON DIOXIDE IN AIR 
gly. | | Pulmo ie | 
54) Pulmonary artery 
Case, sex, pressure breathing | Change 
the and age Diagnosis air +5°% (mm. Hg) 
> be (mm. Hg) 
1 F.44 Atrial septal defect 47:0 53-9 +69 
eter 2 M.21 Pulmonary stenosis 75 68 —0-7 
3 F.14 | Patent ductus arteriosus 12:5 12:8 +0:3 
4 F.14 | Pulmonary stenosis 12:0 14-5 +2°5 
1ask 5 M.14 Ventricular septal defect 12:5 14-3 +1:8 
6 F.21 Pulmonary stenosis 11-0 12-9 +19 
for T F.2z Ventricular septal defect 77:0 83-9 +6:7 
8 F.1l Fallot’s tetralogy 11-2 13:3 +21 
gree 9 F.11 Pulmonary stenosis 20-2 20-4 +0-2 
jects 10 F.48 Fallot’s tetralogy 29-7 29:3 —0-4 
it F. 9 Patent ductus arteriosus 11-5 14-5 +3-0 
12 F. 9 | Fallot’s tetralogy 11-0 13-8 +2:°8 
13 M.19 | Pulmonary stenosis 14-8 17:1 +2:3 
14 M.21 | Pulmonary stenosis 9-8 12:1 +2:3 
15 F.34 Pulmonary stenosis 10-6 12:9 +2:3 
nar 16 M.10 | Aortic stenosis 18-4 18-5 +0:1 
y 17 M.8 Normal heart 12:3 12:5 
cked 18 F.45 | Patent ductus arteriosus 55:2 60-9 +5:-7 
‘awn 19 M.26 Fallot’s tetralogy 19:2 22-2 +3-0 
20 F.21. | Pulmonary stenosis 10-4 10-6 +0:2 
the 
Part of the increase in pressure may be attributable to back-pressure effects from the left atrium. 
been It did not prove possible to measure the left atrial pressure directly in any of the present series, 
that although in a number of instances satisfactory pulmonary capillary pressure records were obtained. 
g p yp 


The original contention of Lagerlof and Werk6 (1949) that such records give an approximate value 
for left atrial pressure has since been criticized (Dow et al., 1950), but it is at present the only method 
applicable to most patients. The results show that in some instances the pulmonary capillary 
pressure is increased (Table II). However, in all except one of these, the hemodynamic pressure 
gradient across the lungs is also slightly increased. 

Pulmonary Flow. A change of cardiac output during the breathing of carbon dioxide mixtures 
has previously been reported by Asmussen (1943), this change being greatest when his subjects 


TABLE II 


CHANGES IN PULMONARY CAPILLARY PRESSURE ASSOCIATED WITH BREATHING OF 5 PER CENT MIXTURE OF CARBON 
DIOXIDE IN AIR 


bservation No. Breathing air Breathing air+5% CO» 


P.A. PC. | Gradient | P.A. RC. Gradient 
| mm. Hg mm. Hg | mm. Hg mm. Hg mm. Hg mm. Hg 
6 11-0 | 4-5 12-9 3 66 
7 77:0 8-9 68-1 83-9 10-8 73-1 
12 11-0 9-2 1:8 13-8 9-1 4-7 
13 14-8 8-1 6:7 17-1 9-2 79 
14 9-8 5-5 43 12:1 77 4-4 
16 18-4 | 9-0 j 9-4 18-5 10-6 79 
‘ean value | 79 | 9-0 
| | | 
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were supine. A similar result might be anticipated in the present series from the rise in left atrial 
pressure noted above, and the calculated cardiac output does in fact show a significant rise for the 
group (Table III). 

Pulmonary Arteriolar Resistance. It is of some interest to consider whether this increase in 
cardiac output is adequate to account for the observed rise in pulmonary pressure gradient, or 
whether there has been also some change in the level of pulmonary arteriolar resistance. * 


TABLE III 
INCREASE IN PULMONARY FLOW ON CHANGING FROM AIR TO A 5 PER CENT CARBON DIOXIDE 


Pulmonary flow | Pulmonary flow Change 
Case (Air) (Air+5% (%) 
L/min. L/min. | 

1 16°65 15-95 — 43 
2 3-88 4-07 + 46 
3 7-47 7-22 — 40 
4 6°58 7:16 + 82 
5 8-75 7:89 —11-4 
6 5:10 | 5-82 +14-2 
7 6:08 7-33 +20-6 
8 1-66 1-58 — 36 
9 3-09 3-18 + 29 
10 1-69 2-18 +29-0 
11 3-57 4-00 +20:1 
12 3-32 3-91 +17:8 
13 4-03 3-58 — 89 
14 8-74 10-30 +38-8 
15 4-98 5-34 + 7:2 
16 8-09 6:96 
17 8-92 13-76 +541 
18 13-20 22-80 +72:8 
19 6:36 7:13 +12-4 
20 5°85 6°83 
Mean change in pulmonary flow = +13-58 

Sn = + 48 
t = 2:83 

P = 0-01 


The principal obstacle to the calculation of pulmonary arteriolar resistance is the difficulty in 
estimating left atrial pressure. In a number of subjects it was not possible to obtain satisfactory 
pulmonary capillary pressure tracings, and it has therefore been necessary to assume an arbitrary 
value. The true left atrial pressure is probably rather lower than the pulmonary capillary reading 
would suggest, so that the values adopted were 5 mm. Hg for the resting state, and 6 mm. for the 
pressure after three minutes of carbon dioxide inhalation. 

Calculating the pulmonary arteriolar resistance on this basis, it can be seen that the group as 
a whole shows no significant change of resistance with the breathing of a carbon dioxide mixturc 
(Fig. 2). Further, if the change of resistance is plotted against the change of cardiac output, ai 
obvious negative correlation is obtained, emphasizing that the changes which occur in the pulmonar: 
circulation are largely passive in type, pulmonary resistance falling as the rate of flow increase: 
(Fig. 3). However, the fall of resistance is insufficient to prevent some rise of pressure in mos: 
cases. The regression line of Fig. 3 indicates a small increase in resistance at the point wher: 
flow is unchanged, but statistical analysis suggests that this should be accepted as a chance findin : 
rather than as a response to carbon dioxide. 


* The pulmonary arteriolar resistance has been calculated from the formula: Resistance =f? 1332 dynes/sec./cm. . 
where P is the main pulmonary artery pressure in mm. Hg, p is the left atrial pressure in mm. Hg, and F is the pu - 


monary flow in ml. per second. 
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W 


Number of cases. 


-—75 =— O +25 +50 
Percentage change in pulmonary arteriolar resistance 
Fic. 2.—Changes in Pulmonary Arteriolar Resistance with 5 per cent Carbon Dioxide. 


Twenty cases of congenital heart disease. The mean change for the group does not 
differ significantly from zero (mean —2-6%, 5), +5-9%). 


25 
e e 
\ @ Change in resistance 
25 50 75h 
a? 


Fic. 3.—Correlation between Changes in Pulmonary Flow and Changes in Pulmonary 
Arteriolar Resistance. Twenty cases of congenital heart disease. On switching from 
air to a mixture of 5 per cent carbon dioxide in air for three minutes, the change of 
resistance varies closely with the change of flow, emphasizing that changes in pul- 
monary arteriolar resistance are largely passive in type. 
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Statistical Analysis. A linear regression line has been fitted to the data by the method of least 
squares, taking the change in pulmonary arteriolar resistance as the dependent variable. The 
coefficients to the line then become: a = —2-65, s, +4:91, b = —0-70, s, 40-23. 

Thus for 18 degrees of freedom, the regression has a significance in the range P=0-01 —0-001. 
At zero change in flow, the deviation of change in resistance from the hypothetical value of zero is 
6-9, and the standard deviation of this difference is 12-4. This change in resistance is, therefore, 
very likely to be a chance finding. 


DISCUSSION 


It remains to consider the significance of these findings in health and disease. The rise of 
pulmonary arterial pressure in response to carbon dioxide mixtures seems to occur in a variety of 
cases, ranging from low to very high rates of resting pulmonary blood flow, and it is perhaps sur- 
prising that a similar rise of pressure is not observed with moderate exercise. In both instances 
the pulmonary flow is increased, but during moderate exercise there is a fall in pulmonary arteriolar 
resistance sufficient to keep the pressure within normal limits (Riley et a/., 1948). In the present 
state of knowledge, it is difficult to be certain that this vasodilatation does not constitute the 
“active” response. However, Cournand (1950) attributes the rise of pressure with anoxia to a 
local reflex mechanism, which he suggests normally maintains a good correlation between alveolar 
ventilation and pulmonary arteriolar flow. The stimulus of acute hypercapnia (like acute anoxia) 
simulates a general alveolar underventilation, and through the same local reflex mechanism— 
perhaps the liberation of a small quantity of histamine—could well produce an alteration in reacti- 
vity of the small vessels of the lungs. In the present observations, there is clear evidence that the 
fall in pulmonary arteriolar resistance with increasing pulmonary flow is insufficient to prevent a 
rise of pressure, and this failure of adequate vaso-dilatation could be interpreted as due to an 
increased reactivity of the arterioles. More work is needed to substantiate the existence of a local 
reflex of this type, but it is obvious that such a mechanism could play an important role in the 
adjustment of the body to both acute and chronic lung diseases. 


SUMMARY 


Pressure/flow relationships have been studied in a group of twenty human subjects at cardiac 
catheterization, both before and during the breathing of a 5 per cent mixture of carbon dioxide in air. 

Carbon dioxide produces a small but consistent rise in pulmonary arterial pressure. Part of 
this increase is related to back-pressure effects from the left atrium, but in addition there appears 
to be a genuine increase in the pressure gradient across the lungs. Most subjects show also a 
small increase in pulmonary blood flow in response to carbon dioxide. 

Changes in pulmonary arteriolar resistance appear to be largely passive in type, the resistance 
falling as the cardiac output rises. However, the fall in resistance is insufficient to prevent some 
increase in pulmonary pressures. This is unlike the response of the pulmonary circulation to 
moderate exercise, and may indicate an increased reactivity of the small pulmonary vessels. 
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CASE REPORTS 
SINGLE CORONARY ARTERY 
BY 


PETER SWANN AND MARGARET FITZPATRICK 
From Oldchurch Hospital, Romford 


The occurrence of a single coronary artery is rare, and the following case is described as it 
presented certain unique features. The patient diéd with congestive heart failure secondary to 
hypertension and cardiac infarction. 


Case Report 


A woman, aged 41 years, was admitted to hospital for investigation of albuminuria which had been found 
on routine examination. She was free of symptoms at this time but was found to have a blood pressure of 
165/120 with cardiac enlargement. She was re-admitted three years later complaining of swelling of the 
ankles and dyspnoea on exertion for about four weeks, and on examination she showed signs of congestive 
cardiac failure. Her condition improved rapidly with rest in bed, salt-free diet, and digitalis, but two months 
later she was admitted again in advanced congestive cardiac failure with gross edema. Seven weeks later 
she suddenly became intensely dyspnceeic and developed severe retrosternal pain, which radiated down the 
left arm and into the neck. Her blood pressure fell rapidly to an unrecordable level and she died. 


Necropsy 


The subject was a well nourished woman, with cyanosis and oedema of both legs and a sacral pad. 

Heart. Weight 460 g. The heart was in the normal position. The pericardial layers were thin and 
glistening and there were no adhesions: there was 10 ml. of straw-coloured fluid in the pericardial cavity. 
There were numerous sub-epicardial hemorrhages on the posterior wall of the right ventricle adjacent to the 
interventricular septum and also on the diaphragmatic surface of the ventricle. The wall of the left ventricle 
was considerably hypertrophied, being 19 mm. in thickness, and the cavity was dilated. The wall of the right 
ventricle was also considerably hypertrophied, being 9 mm. in thickness, and the cavity was moderately 
dilated. The right and left atria were somewhat dilated and the walls slightly thickened. The myocardium 
was a reddish hue and generally firm. There were, however, areas of softening and discoloration due to 
infarction. An area immediately posterior to the apex of the left ventricle was thinned and soft and here the 
myocardium was mottled due to recent infarction. Attached firmly to the endocardium was a large reddish- 
srey thrombus. Similarly, the right ventricle showed evidence of recent and extensive infarction. These 
{indings were confirmed by section. 

Coronary Arteries. A single coronary arose from the anterior sinus of the aorta and after 2-5 mm. 
‘ivided into two main branches of equal diameter, this being 6 mm. 

The branch that followed the course of the normal right coronary artery passed forward between the 
pulmonary artery and the auricle of the right atrium. It then turned downwards in the coronary sulcus to 
‘1e lower part of the right margin of the heart, and proceeded to the left in the posterior part of the coro- 

ary sulcus where it divided into the transverse branch and the interventricular branch. The transverse 
‘ranch continued to the left in the coronary sulcus, and the interventricular branch ran forward in the in- 
. rior longitudinal sulcus on the diaphragmatic surface of the heart. 
The abnormal main branch passed backwards to the left to enter the groove between the right auricle and 
‘.2 aorta and then between the left atrium and the aorta, inferior to the auricular appendage, and reached 
» anterior aspect of the heart. It then divided into two main branches which corresponded to the circum- 
x and the interventricular branches of the normal left coronary artery. The interventricular branch 
| ssed downwards in the anterior longitudinal sulcus and the circumflex ran to the left in the coronary 
Icus. 
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458 SWANN AND FITZPATRICK 


Fic. 1.—The photograph shows the single coronary Fic. 2.—Postero-superior view of the heart, the atria 


artery arising from the aortic sinus and dividing having been removed. 1I.B.=interventricular 
into its two main branches. The vessels have been branch, C.B.=circumflex branch, M.V.=mitral 
opened and a small tube of plasticine has been valve, R.C.C.B.=right coronary circumflex 
inserted. branch, P.A.=pulmonary artery, A.V.=aortic 


valve, S.C.A.=single coronary artery, T.V.= 
tricuspid valve, R.C.I.B.=right coronary inter- 
ventricular branch, and _ I.S.=interventricular 
septum. 


Discussion 


A review of cases of single coronary artery by Smith (1950) showed that only 43 had been reported. In 
all these the single coronary artery arose direct from the aorta by one ostium. 

These cases have been classified into three groups. The first consists of those in which the vessel follows 
the course of one coronary artery only, either the left or the right. The second group consists of those where 
the single coronary artery distribution is so atypical that it cannot be compared with either the left or the 
right coronary artery (Krumbhaar and Ehrich, 1938). The third group includes those in which the vesse! 
arises by one ostium either from the left or the right aortic sinus and then divides into two main branches 
that eventually follow the course of the normal left and right coronary arteries. The probable modes o° 
development of all three groups have been fully discussed, but it is generally agreed that the most likely 
explanation of the defect in the third group is misplacement of one coronary anlage and its subsequent fusioi: 
in the remaining normal vessel. 

The case described falls into this third group. Seventeen cases have been reported previously in this 
group. In two of these only, was there any other congenital cardiac malformation. The first was a case of 
thoracopagus in a foetus of 7 months described by Hyrtl in 1871. The second was an infant, three month; 
old, with persistence and detorsion of the bulbus cordis, partial transposition of the aorta, interauricular an | 
interventricular septal defects, patent ductus arteriosus, sinistro-position of the right atrium, and a rigl « 
aortic arch, described by Ngai in 1935. Of the remaining fifteen cases all were between the ages of 35 an | 
65 years, the average being 47, and of these nine had the vessel arising from the right aortic sinus and corre: - 
ponding to the right coronary artery. All these nine were men, and it would appear, therefore, that the case 
described in this paper is the only one reported in which the subject with this particular abnormality has bec 1 
a woman. 

The total number of adult cases of single coronary artery of all types recorded was 27, and recent cardi: * 
infarction was described in three of them and an old infarction in one of them (Roberts and Laube, 194 . 
Cases 1, 3, and 4; and Smith and Graber, 1926). In this case, however, the presence of hypertension < ° 
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considerable duration precludes any assumption that the cardiac infarction might be even remotely related 
to the abnormality of the coronary arteries. 


Our thanks are due to Dr. J. G. Murdoch for the illustration, and to Dr. L. Phillips for the histological section 
report. 
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ANOMALOUS PULMONARY VEIN DRAINAGE INTO THE 
CORONARY SINUS 


BY 


M. W. ARTHURTON, R. V. GIBSON, AND G. M. WOODWARK 


From the Pediatric and Cardiographic Departments, Westminster Hospital 


Brody (1942) in his review of the literature found six examples of total anomalous pulmonary 
vein drainage into the coronary sinus (Nabarro, 1902; De Groat and Thatcher, 1936; Nagel, 1936; 
Palmer, 1938; and Terplan and Sanes, 1938), and described a further one of his own. A detailed 
account of a similar case with autopsy findings is given by Taussig (1947), in which the clinical 
diagnosis of atrial septal defect had been made. A further example is reported by Snellen and 
Albers (1952), but no details are given. 

The case presented below is believed to be one of total anomalous pulmonary vein drainage into 


the coronary sinus. As far as the authors are aware, the diagnosis of this anomaly during life has 
not yet been reported. 


Fic. 1.—Skiagram showing left superior vena cava, enlarge- 
ment of right heart, and gross pulmonary plethora. 
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Case Report 


A girl, aged 5 years, was referred on account of a heart murmur, with dyspnoea and fatigue on effort. 
There was no past history of respiratory infections. 

She was under-developed; there was no central cyanosis nor clubbing of the fingers and toes. The 
jugular venous pressure was 3 cm. above the sternal angle at 60°. The radial pulse was of small volume, 
and the blood pressure 90/70. Clinically there was moderate cardiac enlargement confirmed by the skia- 
gram showing enlargement of the heart to the right and left with markedly pleonemic lungs (Fig. 1). 
Systolic pulsation was present in the second to fourth intercostal spaces to the left of the sternum. The 
second heart sound was widely split and the pulmonary element was not accentuated. There was a loud, 
high-pitched systolic murmur heard over the pulmonary area and a low-pitched mid-diastolic murmur at 


the apex. The cardiogram showed partial right bundle branch block, and in lead V1 the duration of QRS 
was 0:1 sec. and R’ measured 14 mm. 


On cardiac catheterization the catheter passed readily from the right atrium to the left superior vena cava 


G. 2.—Skiagram in left oblique view showing catheter Fic. 3.—Angiogram in left oblique at 1-2 sec. showing left 


passing from right atrium to left superior vena cava superior vena cava draining into aneurysmal coronary 
along the normal course of the coronary sinus. sinus. 


ollowing the normal course of the coronary sinus (Fig. 2). Samples were taken in rapid sequence and their 
‘xygen content was estimated by Van Slyke’s method, and as will be seen in the table, the oxygen content 
f the right atrial sample is much higher than those from the vene cave, but the striking feature is that the 
‘xygen content of samples from the femoral artery, pulmonary artery, and right ventricle are identical, 


vithin the limits of experimental error, confirming that the pulmonary and systemic circulations are supplied 


‘om a common source, the right atrium. 
The variation of the right atrial samples was thought to be due to stream-line effects. 


On venous angiocardiography, in the left oblique view and using the left arm, the left superior vena was 
10wn at 1-2 sec. opening into a large spherical chamber situated postero-inferiorly where the dye is imme- 
ately diluted (Fig. 3). Subsequent films show simultaneous filling of both sides of the heart. 
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TABLE SHOWING RESULTS OF CARDIAC CATHETERIZATION 


Superior Right Right | Pulmonary Femoral 
vena cava atrium ventricle | artery artery 
Oxygen content, ml./litre 124 (R) 145 (low) | 152 149 147 
125 (L) 166 (mid) | 
156 (high) | 
Percentage oxygen saturation .. 66 83 81 80 79 
Pressure, mm. Hg | 20/1 20/7 60/30 


Oxygen capacity =187 ml./litre. 
After inhalation of pure oxygen for 5 minutes, the arterial oxygen saturation was 90 per cent. 


Discussion 


The electrocardiogram and chest X-ray conform with the clinical diagnosis of atrial septal 
defect. However, the oxygen saturation of the blood in the right heart and in the femoral artery 
were identical. This does not occur in uncomplicated atrial septal defect, but is diagnostic of total 
anomalous pulmonary vein drainage into the right atrium or its tributaries. A right-to-left shunt 
is shown by the arterial desaturation, which did not rise above 90 per cent on breathing oxygen, 
excluding desaturation due to increased pulmonary blood flow. 

Angiocardiography demonstrated an aneurysmal coronary sinus at the site of the anomalous 
pulmonary vein drainage. The course of the circulation was as follows: the right atrium receives 
all the systemic and pulmonary venous blood, the larger proportion of which passes to the right 
ventricle and thence to the lungs, and the smaller proportion to left atrium via an atrial septal 
defect or patent foramen ovale and thus to the systemic circulation. The development of surgical 
closure of atrial septal defects renders it imperative that anomalous pulmonary vein drainage be 
distinguished from atrial septal defect. In the former, anastomosis of pulmonary veins to the left 
atrium will be required prior to closure of the atrial septal defect. 


Summary 


A case of total anomalous pulmonary vein drainage into the coronary sinus is described, in which 
the diagnosis has been made during life. The differential diagnosis from atrial septal defect is 
discussed. 


We wish to thank Dr. Ian Anderson for his encouragement and permission to publish this case. We are also 
indebted to Dr. R. Wylie Smith, who originally referred this patient; to Dr. C. J. Gavey and to Dr. Peter Kerley for 
placing at our disposal the facilities of the Cardiographic and Radiological Departments respectively ; and to Dr. J. H. 
Wilkinson of the Chemical Pathology Department, who performed the gas analysis. 
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RUPTURED INTERVENTRICULAR SEPTA WITH SURVIVAL FOR 
SEVERAL DAYS 


BY 
GWYNETH HAMILTON, IDRIS JONES, AND A. G. STUART 


From Harefield Hospital, Middlesex 


Case 1. A woman, aged 70, was admitted with severe rheumatoid arthritis. She had been given 
butazolidin outside and had developed generalized oedema with shortness of breath. 

On admission she was breathless, even at rest, with marked oedema of the legs and back and _ bilateral 
pleural effusions. The heart was enlarged to the left, the apex rate 100 and regular, and the blood pressure 
210/90; there was a soft apical systolic murmur. She had a diffuse polyarthritis affecting practically all 
the joints of the body. She was kept at complete rest in bed and given physiotherapy for her joints. 
Her blood count at this stage was: hemoglobin 67 per cent; red blood corpuscles 4,400,000; white blood 
corpuscles 13,800 with a normal differential count. Blood sedimentation rate 69 mm. There was a 
moderate response to mersalyl but her joint condition remained almost unchanged, her main complaint 
being of pain in the knees. The cedema of the legs gradually increased but the heart signs remained static. 


Fic. 1.—The heart: (A) from the left ventricle and (B) laterally. The perforation through the 
septum is marked by a probe. 
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One morning, when she had been in hospital for five months, it was found, during a routine examination, 
that she had an intensely loud systolic murmur, audible all over the heart and maximal at the apex, and 
a palpable thrill. She had had no symptoms previously to make one suspect that anything untoward had 
happened; there had been no pain and no dyspnoea, the pulse rate was unaltered, and there had been no 
rise in temperature. The intensity of the murmur made one consider the diagnosis of ruptured inter- 
ventricular septum. She became gradually more congested and died quietly fifteen days later. 

Necropsy. The parietal pericardium was thickened, and adherent to the visceral pericardium and to the 
anterior mediastinal tissue. 

Both ventricles were dilated. The left ventricle showed some hypertrophy, but there was marked thin- 
ning at the tip of the left ventricle and at the lower portion of the interventricular septum. In this area, 
the ventricular wall was only 2 mm. in thickness. At the lower end of the interventricular septum, and 
near the apex, there was a rupture measuring 3 mm. in diameter. The valves showed no gross abnormality. 
The coronary arteries were atheromatous, and the descending branch of the left coronary artery showed 
marked atheroma with diminution of its lumen, and its lower half was occluded by an organizing thrombus. 

On histological examination the thinned part of the ventricle was infarcted and infiltrated with acute 
inflammatory cells, and showed very little fibrosis. The heart muscle in this area was necrotic. 


Case 2 

A man, aged 65, was seen at home. Eighteen hours previously he had felt severe pain across the lower 
sternum, passing down both arms and up into the throat. He vomited repeatedly but had had no dyspneea. 

Clinically he was pale and shocked, and the heart sounds were very muffled with a loud systolic murmur 
audible all over the precordium, maximal in the fourth left interspace, internal to the nipple line. The 
heart rate was irregular at 84 and the blood pressure 85/65. He had been seen with a chest infection two 
years previously when the heart sounds were normal and blood pressure 180/85. 

An electrocardiogram showed evidence of a massive infarction with heart block (Fig. 2). He was diag- 
nosed as myocardial infarction and in view of the intensity of the murmur, and the knowledge that this was 
not present previously, he was thought to have a ruptured interventricular septum. 
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B 
Fic. 2.—From Case 2 showing posterior cardiac infarction. (A) On admission about one day after the onset. (B) Eight 
days later, shortly before his death. 


His condition was such that he was not admitted to hospital until three days later, but he made very 
little progress. He became disorientated, his pain recurred, and his blood pressure remained in the 
neighbourhood of 85/65. The intensity of the murmur was more pronounced but at no stage did he 
develop signs of congestive failure. He died eight days after his original infarction. 

Necropsy. There was a fibrinous pericarditis over the posterior wall of the heart. The right ventricle 
was dilated. There was an area of infarction over the posterior wall of the left ventricle and involving the 
posterior edge of the interventricular septum. In this area, the myocardium was thin, and friable and bulged 
outwards. Where the septum met the posterior wall, there was a linear rupture about 1 cm. in length so 
that the right ventricle was in direct communication with the left ventricle. There was some adherent 
ante-mortem clot over the infarcted area. The heart valves were normal. The coronary arteries showed 
some sclerosis, but were not dissected along their lengths as the heart was preserved as a specimen. 


Summary 
Two patients are described in whom coronary thrombosis led to rupture of the interventricular septum. 


In one who survived for fifteen days the infarct was silent. In the other who survived for eight days the 
rupture occurred within 16 hours of the original infarction. 
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J. L. LOVIBOND 


John Locke Lovibond died suddenly on May 4, 1954, his forty-seventh birthday. 

Educated at Oundle School and Cambridge, he entered the Middlesex Hospital as Nomination 
Scholar in 1929, and qualified in 1932. As a student, he captained the rugger XV, and attained 
celebrity as a cartoonist in the Journal. After qualification, he spent the next seven years in post- 
graduate training, holding resident appointments at the Middlesex, Westminster, and Brompton 
Hospitals, including a spell in the Courtauld Research Wards at the Middlesex. In 1935, his interest 
turned towards cardiology, and he was awarded a whole-time grant by the Medical Research 
Council to work in the Cardiographic Department, as it was then called, at the Middlesex. His 
main project was an investigation of hydrothorax in heart failure, and this work which was 
incorporated in his Cambridge M.D. thesis was later published in this Journal (1941). He also 
was interested in chest leads and, with Arthur Willcox, he wrote one of the earliest papers on the 
subject to be published in this country. In 1937, he was appointed Medical Registrar at Middlesex 
and, while holding this post, he became Assistant Physician to the King George Hospital, Ilford. 

In 1939, at the age of thirty-two, Jock Lovibond had almost completed his training as a physician 
and, to all his friends, he appeared to be on the threshold of a brilliant career in medicine. In 
respect of the variety and duration of his training, he had few rivals amongst his contemporaries, 
and his reputation at the Middlesex stood second to none. He had already accomplished some 
promising clinical research in cardiology in recognition of which he was elected an associate 
member of the Cardiac Society in 1939. 

All seemed set fair for an appointment to a teaching hospital when war broke out. Already a 
Territorial Officer, and with army blood in his veins, Jock left at once to join his unit and was 
soon in France where he became medical specialist to a Casualty Clearing Station. He escaped at 
Dunkirk after a long and arduous trek along the beaches in the course of which he refused to 
jettison his British warm to which he was much attached. I well recall encountering him at Alder- 
shot, on his return, and though bereft of all his belongings and walking painfully owing to sore feet, 
he was nevertheless impeccably clad, and debonair and cheerful as usual. After this, he served in 
Ceylon and Burma, first as Officer i/c Medical Division, then as Officer Commanding 35 B.G.H., 
and later 38 B.G.H. At the end of the war he was Consulting Physician to the 12th Army, S.E.A.C. 

On returning from the war at the age of thirty-eight, with the rank of colonel, Lovibond found 
his prospects in civil life far less rosy than they had been when he departed six years before. At 
his age, time was against him and much as he would have liked to rehabilitate himself in cardiology, 
he was compelled to seek a consultant post without delay. For every hospital appointment he had 
to compete with a host of applicants released from the Services and E.M.S., few of whom would 
have been serious rivals before the War, and for a time his luck seemed out. He narrowly missed 
several appointments, but he never became discouraged and, in 1948, his friends rejoiced when he 
succeeded at Westminster. Though his devotion to cardiology had never waned, he was an 
.ccomplished general physician and an excellent teacher, so that he was soon pulling his weight 
here in general medicine. He was able to keep in touch with cardiology at the London Chest 
ospital where he was actively interested in the problems of cardiac surgery. He was elected a 
ull member of the Cardiac Society in 1947, and served on the Council from 1949 to 1953. He 
‘ave valuable help to the Editors of the Journal by taking charge of the abstracting. 

Jock was a good mixer who enjoyed the company of his fellow men and had friends everywhere. 
ie was equally at home in hospital, in the officers’ mess, at his club, and on the hunting field. 
hysical fitness was part of his creed and he was a fine rider who hunted regularly and rode in point- 
)-point races. 

The illustration shows him riding in the hunt members race of the Surrey Union Foxhounds in 
52 on his own horse and, only a few weeks before his death, he rode to second place in this 
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race. In spite of his life in London and his enthusiasm for his work, he was still at times a 
countryman at heart, and loved his riding and his Northumbrian hills and moors. 

No one ever saw Jock seriously out of temper which indeed he would have regarded as unbecoming 
to an officer anda gentleman. Ifthe War dealt hardly with his career for a time he never complained, 
for not to have served throughout would have been unthinkable to him. He led a full life and 
enjoyed every moment of it. Beneath his genial manner and social graces, there were qualities 


such as discipline and a rigid sense of duty, that were often unsuspected by those who did not know 
him well. 

In his hospital work he was invariably punctual, and extremely painstaking and liked to keep 
meticulous records, often embellished with most artistic diagrams. In the Department of Cardiology 
at the Middlesex, his gay spirit enlivened all our labours and work never seemed tedious when he was 
around. Nevertheless, he was a most diligent man, endowed with a great capacity for work, who 
invariably completed anything he undertook on time. He was in his usual good form at the last 
meeting of the Cardiac Society at Cambridge, and continued in full health and vigour up to the 
time of his death. He married, in December, 1952, Mrs. Mary Carew-Jones, to whom our deep 
sympathy goes out in her tragic loss. 

D. EVAN BEDFORD 
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PROCEEDINGS OF THE BRITISH CARDIAC SOCIETY 


The THIRTY-THIRD ANNUAL GENERAL MEETING of the British Cardiac Society was held at 
Downing College, Cambridge, by kind permission of Sir Lionel Whitby and the Fellows, on Friday, 
April 9, 1954. The Chairman, LesLie CoLe, took the Chair at 9.30 a.m.; 125 members and 19 
visitors were present. 


PRIVATE BUSINESS 
1. The minutes of the last Annual General Meeting, having been published in the Journal (15, 461, 1953) 
were taken as read and confirmed. 


2. The balance sheet for 1953-54 was presented, having been audited and found correct by G. E. S. Ward 
and D. Evan Bedford. The credit balance on April 3, 1954 was £782 4s. 10d. 


3. R. C. Brock and A. Morgan Jones were elected members of the Council in place of G. E. S. Ward and 
D. Evan Bedford (terms of office expired). 


4. The following Associate Members were elected as Ordinary Members. 


P. H. Davison F. McKeown W. Somerville 
K. W. Donald A. Rogen G. Thomas 
J. Gough H. Scarborough G. M. Wilson 
L. K. Malley 
5. The following Surgical Members were elected. 
N. R. Barrett (London) A. Logan (Edinburgh) 
W. P. Cleland (London) W. A. Mackey (Glasgow) 
6. The following Associate Members were elected for a further period of three years. 
W. E. Clarke J. P. D. Mounsey 
J. G. Graham J. Tulloch 
S. Howarth A. W. W. B. Woods 
R. M. Marquis 
7. The following new Associate Members were elected and introduced to the President and the Chairman. 
W. D. Brinton (Winchester) R. Mulcahy (Dublin) 
R. M. Fulton (Manchester) M. F. Oliver (Edinburgh) 
A. D. Gillanders (Edinburgh) A. Schott (London) 
C. B. Henderson (Newcastle) D. S. S. Short (London) 
R. F. Jarrett (Gloucester) P. Stock (Stoke-on-Trent) 


T. D. V. Lawrie (Glasgow) 


8. The Secretary announced that arrangements had been made for thirty members of the British Cardiac 
Society to attend as delegates the Second International Congress of Cardiology to be held in Washington 
in September, 1954. 


9. It was agreed that the original decisions of the Council under which the British Heart Journal had been 
conducted should be added as a new rule of the Society: 

** British Heart Journal. The Editors, and the Editorial Board, shall be appointed by the Council 
of the British Cardiac Society. The Editor of the British Medical Journal shall be a member of the 
Editorial Board. The Editors shall be appointed for a period not exceeding five years, and shall be 
eligible for re-appointment. The Editor or one of the Editors delegated by him to act as his deputy 
shall, ex-officio, be a member of the Council.” 

10. The question of wearing dinner-jackets for the dinner of the Annual General Meeting was discussed 
at length, and it was finally agreed that they should not be worn on every occasion, but only at the 
discretion of the Council. 
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SHORT COMMUNICATIONS 


THE PATHOLOGICAL LESION IN ENDO-MYOCARDIAL FIBROSIS 


By J. D. BALL and J. N. P. Davies (introduced by J. McMichael). The description is based on a study 
of 32 hearts from Uganda Africans dying in Mulago Hospital, Kampala. 

The main lesions present are in the ventricles and the auriculo-ventricular valves. The left ventricle 
shows a thickened endocardium which is white and shiny. It may cover 60-90 per cent of the endocardial 
surface, and when extensive it commonly has a layer of mural thrombus on top of it. The fibrosis spreads 
from the apex up the posterior wall and commonly involves the posterior mitral cusp, which may become 
completely adherent to the ventricle. Such cases in life show the signs of mitral incompetence. 

The right ventricle shows a similar lesion except for the fact that obliteration of the inflow tract always 
occurs if the lesion has developed to cover more than 30 per cent of the endocardium. The endocardial 
fibrosis involves the tricuspid valve in most cases, but the damage is much less than in the mitral valve. 
If the right ventricular lesions predominate, the case shows pure right heart failure, with or without the 
signs of tricuspid incompetence. 

The common auricular lesion is mural thrombosis in the auricular appendage, particularly the right. 
Small fibrotic plaques are sometimes seen on the auricular wall near the mural thrombus. 

Histological studies show a grossly thickened endocardium, acellular except in its deeper layers, where 
a belt of granulation tissue with dilated blood vessels is seen. The fibrous tissue may penetrate deeply 
into the myocardium, fibres of which normally show degenerative changes. 


THE SICKLE-SHAPED R—T PLATEAU, A COMMON RS-T PATTERN IN HEALTH 


By D. EvAN BEDFoRD and GERALD THOMAS. The sickle-shaped R-T plateau comprises an elevated 
R-T segment with an upward concavity, terminating in a high positive and sharply-peaked T wave. The 
lowest point of the dipped R-T segment is nearer to R than to the summit of T. Typically, the QRS com- 
plex is predominantly positive, there is often a well marked Q wave, and the downstroke of R is notched, 
slurred, or may show an R!. 

The sickle-shaped R-T plateau shows mainly in either lead I or lead III, and also in the left chest leads. 
Reciprocal R-T displacement, as seen in cardiac infarction, never occurs. 

The R-T plateau of pericarditis may be sickle-shaped or dome-shaped. When sickle-shaped, it may 
be indistinguishable from the R-T anomaly we have described, in an individual lead, but its distribution 
in the various leads is different, and it is, of course, a transient pattern. 

The sickle-shaped R-T plateau appears to be a non-specific pattern, occurring in health and occasionally 
in heart disease. It may occur in cases of coronary disease. We have noticed it especially in cases of effort 
syndrome, liable to fainting. It has been described as occurring in athletes and in vagotonia. 


VARIATIONS IN THE ELECTROCARDIOGRAM, PARTICULARLY IN THE T WAVES, ON STANDING 


By A. J. V. CAMERON. The effect on the electrocardiogram of alteration of posture from lying to 
standing has been studied in forty healthy adults. On standing, the heart rate becomes faster and note- 
worthy changes may be seen in the P wave, QRS complex, and T wave. 

Increased positivity of the P waves in leads II and III is common and is associated with decreased posi- 
tivity in aVR and aVL and increased positivity in aVF and sometimes in V4 to V6. 

The changes in the QRS complex can largely be explained by clockwise rotation of the heart around 
its antero-posterior and long axes and this usually causes a shift of the electrical axis to the right in the 
standard limb leads. 

The T wave becomes either less positive in all three standard limb leads or less positive in leads II and 
''L only. These appearances are due to increased positivity of the T wave in aVR, decreased positivity in 
« VF, and either increased positivity or no change in aVL. The change in aVL is never greater than that 
i:aVR. Inthe precordial leads, there is a general tendency to decrease in positivity of the T waves especially 

V4 to V6, while there may be increased positivity in the right pectoral leads and occasionally also in VI 
«id V2. Often the polarity of the T waves is altered, for example upright T waves in leads II, III, aVF, 
« id V4 to V6 may become flat, diphasic or inverted, while inverted T waves in aVR, aVL, and right pectoral 
! ads may become flat, diphasic or upright. The most obvious effects are seen usually in the younger 
bjects. 

These changes in the electrocardiogram occur immediately on standing and are at once reversed on 
] - down, though they may persist for as long as one hour with the subject standing at ease. Deep 
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inspiration sometimes enhances the changes and full expiration may lessen them. Prostigmin can prevent 
the changes occurring in the standing posture while atropine can produce them in the lying posture. Possible 
causal factors are discussed. 


THE MITRAL VALVE PRESSURE GRADIENT IN MITRAL STENOSIS 


By A. VENNER (introduced by H. E. Holling). The pressure gradient across the mitral valve is measured 
by recording simultaneous left atrial and left ventricular pressures at operation. The study is facilitated 
by redrawing and superimposing the tracings. The left ventricular diastolic pressure shows considerable 
variance, and may rise or fall after valvotomy. For this reason the pressure gradient gives a better index, 
than left atrial pressure alone, of the severity of the obstruction from mitral stenosis, and of its relief by 
valvotomy. It is of practical value in operations on patients with both aortic and mitral stenosis in indicat- 
ing the relative importance of the two lesions. 

In normal rhythm there is a considerable increase in the pressure gradient (and presumably increased 
ventricular filling) coincident with atrial systole. In atrial fibrillation a higher mean atrial pressure is 
necessary to achieve the same ventricular filling. These observations offer an explanation of the increased 
disability that accompanies atrial fibrillation in mitral stenosis, even when controlled with digitalis. 

In patients with mitral stenosis alone, the left ventricular diastolic pressure shows little increase as filling 
proceeds. In patients with aortic valve disease also, there is usually a steady rise amounting to 5 mm. Hg 
in all. This difference is presumably related to aortic reflex, and decreased distensibility of the ventricle 
due to hypertrophy, and increased residual blood in the ventricle at the end of systole. 


BAROCEPTOR RESPONSES TO ACUTE RHYTHM CHANGE 


By SHEILA HowarTH and E. P. SHARPEY-SCHAFER. Acute decrease in pulse pressure from a fast abnormal 
rhythm was followed by peripheral constriction while an increase in pulse pressure caused vasodilatation. 
Even a single large beat, such as that following an ectopic beat, produced detectable changes. The results 
are compatible with the theory of baroceptor response to rapid transients. 


THE DIAGNOSIS OF TRICUSPID STENOSIS 


By R. V. GiBson (introduced) and PAUL Woop. Twelve cases of mitral valve disease with tricuspid 
stenosis are presented, nine of which occurred in a consecutive series of 300 cases of mitral valve disease 
studied in detail by one of us (P.W.), an incidence of 3 per cent. 

The clinical diagnosis of tricuspid stenosis was based on the following findings. 

(1) A giant a wave in the jugular venous pulse in the absence of pulmonary hypertension. 

(2) Considerable elevation of the jugular venous pressure in cases with auricular fibrillation, provided 
the ventricular rate was controlled and there were no signs of pulmonary hypertension. 

(3) Absence of a deep y descent in the jugular pulse despite a very high venous pressure. 

(4) A diastolic murmur heard over the tricuspid area, maximal on inspiration. 

(5) A tall right atrial P wave in the absence of electrocardiographic evidence of considerable right 
ventricular hypertrophy. 

.. (6) Conspicuous dilatation of the right atrium without enlargement of the pulmonary artery. 

Eleven of these twelve cases were investigated by means of cardiac catheterization. A diastolic or 
presystolic pressure gradient across the tricuspid valve was demonstrated clearly in each instance. Although 
tricuspid stenosis modified the clinical features of mitral stenosis in all these eleven cases, the mitral lesion 
was more important in all but one. Tricuspid stenosis was clinically dominant, however, in the case that 
was not investigated physiologically. 

Of the twelve cases nine were initially diagnosed at the bed-side and three were discovered during cardiac 
catheterization. 


THE DIAGNOSIS OF MITRAL INCOMPETENCE BY MEANS OF CARDIAC CATHETERIZATION 


By S. G. OwEN (introduced) and PAUL Woop. Wedged pulmonary artery pressure records from case: 
of mitral incompetence judged to be pure, dominant, or severe have been compared with those in pur 


mitral stenosis where that diagnosis has been adequately established. The time taken for inscription o' 


the ‘‘ y ’’ descent was significantly longer in the stenosis group. The most stable expression of this provec 
to be the quotient of the calculated rate of fall (mm. Hg per second) divided by the absolute height of th« 
preceding “‘v’’ wave (mm. Hg). The value so obtained was independent of individual fluctuations i 
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mean pressure and diastolic length and yielded a highly significant difference between the two groups. 
The results of the study suggest that the derivation of this ratio will be of assistance in evaluating pulmonary 
capillary venous pressure records in mitral valve disease. 


THE MURMURS OF TRICUSPID INCOMPETENCE 
By O. MULLER (Bergen, introduced) and J. SHILLINGFORD. Published in full: Brit. Heart J., 16, 195, 1954. 


ISOLATED PULMONARY STENOSIS: A REVIEW OF 29 CASES 


By D. W. Barritt (introduced by C. Bruce Perry). Twenty-nine patients with isolated pulmonary 
stenosis have been investigated clinically, radiologically, and electrocardiographically: the majority were 
entirely free of symptoms but two were handicapped by dyspncea and one by anginal pain. 

Twenty-four of the 29 have been followed for from 5 to 21 years. Symptomatic deterioration was 
evident in two; there were progressive changes in the electrocardiogram, increasing degrees of right ventri- 
cular dominance, in five only. No deaths have occurred. 

A pulmonary systolic thrill and murmur were constant..' In more than half the cases the second heart 
sound was single. The most constant radiological feature was prominence of the main pulmonary artery 
segment. The electrocardiograms varied from normal to the most severe degree of right ventricular 
dominance. Cardiac catheterization was carried out in seven. 

On clinical and electrocardiographic grounds five cases were considered to have extreme right ventricular 
hypertrophy. The three highest right ventricular pressures were found in this group. Two of the five 
were the only ones in the series with marked symptoms. 


INFERIOR VENA CAVA OPENING INTO LEFT ATRIUM 


By L. B. Cote and D. L. GARDNER (introduced). The patient, a woman of 33, was cyanosed from the 
age of 4 years. She led a normal life at school and as a domestic servant, and married at the age of 19. 
Her only symptom was slight breathlessness on exertion and her only physical signs were cyanosis and 
clubbing of the fingers. Cardioscopy was normal and the cardiogram showed inverted T waves. She had 
two living children, one stillbirth, and three miscarriages. Her later years were complicated by toxemia 
of pregnancy, multiple emboli, and suspected bacterial endocarditis from all of which she recovered, and 
she was leading a comparatively active life when she died suddenly. 

At necropsy the hypertrophied and dilated vena cava, normal below the diaphragm and receiving the 
dilated hepatic veins, was found to drain into the left atrium. The right atrium received a normal coronary 
sinus and the superior vena cava. The latter was joined by the dilated azygos vein, and by a left innominate 
vein occluded by fibrous tissue. The intact atrial septum bore a normal fossa ovale. The ventricular 
septum was complete. The large pulmonary artery and the small aorta were normal in position. The 
ductus arteriosus was occluded. The posterior wall of the hypertrophied left ventricle contained an area 
of replacement fibrosis, and the right ventricle was small. 


VALVOTOMY FOR AORTIC STENOSIS 


By R. C. Brock. Experience in the surgical treatment of twenty cases of valvotomy for aortic stenosis 
is presented. The mortality and morbidity are discussed. 

The importance of studying the pressure gradient across the valve, when the heart is exposed at operation, 
‘s emphasized. 


CONGENITAL AORTIC STENOSIS AND ITS SURGICAL TREATMENT 


By R. M. Marquis and ANDREW LOGAN. Twenty-three cases of congenital aortic stenosis are 
' viewed in an attempt to ascertain the place of surgery in treatment. Their ages range from birth to 24 
ears, and their progress has been followed for up to 10 years. In each case heart disease was recognized 
11 early childhood. 

Five patients died as a result of the stenosis, one during investigation prior to surgery. Six were sub- 
| itted to aortic valvotomy; subaortic obstruction had not been revealed on angiocardiography and was 
| ot found at thoracotomy. The operative approach was through the left ventricle, and the valve was 
1 iptured by an expanding dilator without prior incision. There were no deaths. Benefit from the 
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operation was revealed by striking decrease in physical signs and by a change in the form of the arterial 
pressure wave. Four of the patients received immediate benefit, but significant aortic incompetence with 
cardiac enlargement was produced in the two others. 

It is suggested that electrocardiographic evidence of marked left ventricular hypertrophy in growing 
children is indicative of severe stenosis, and that valvotomy should be performed in such patients before 
the development of cardiac enlargement or significant symptoms. A history of cardiac syncope is an 
urgent indication for operation. 


OsTIUM PRIMUM, OsTIUM SECUNDUM, AND FORAMEN OVALE 


By R. Hupson. Proper development of the left ventricle in utero depends on its receiving blood from 
the right atrium, and nature ensures this by separating the atria by septa which are never complete. Even 
after birth there is a valvular opening which may persist in the adult. Two septa are concerned, the septum 
primum in which arise the ostium primum (which closes) and the ostium secundum (which persists), and 
the septum secundum which surrounds the foramen ovale (which also persists). The septa fuse, usually 
completely, so separating the atria. The margins of the foramen ovale are identified in the right atrium as 
the rim of the fossa ovalis, which is floored by the septum primum. 

Excluding the very rare closure of the foramen ovale itself (making the septum secundum imperforate 
and causing atresia of the left ventricle), the following classification is based on the variations due to 
persistence, disposition, and size of the various ostia and the completeness of fusion of the septa. The 
terminology used brings it into line with the nomenclature of modern embryology. 

Normal. Foramen ovale (septa overlapping ostia). 

(1) Sealed or (2) Valvular. 

Abnormal. Atrial Septal Defect (septa not overlapping ostia completely). 

(1) Ostium secundum (usual type). 

(2) Ostium primum (uncommon). (a) Alone, (6) with ostium secundum, or (c) with valvular foramen 
ovale. 


This communication was accompanied by a demonstration of models of the septa and ostia, showing their 
formation and defects. 


THE ACTION OF HEXAMETHONIUM BROMIDE ON THE PULMONARY CIRCULATION IN MITRAL STENOSIS 


By L. G. Davits, BRENDA VAN LEUVEN (introduced) and J. P. GOODWIN. Twelve patients with mitral 
stenosis and varying degrees of pulmonary arterial hypertension were investigated. The pulmonary arterial 
pressure was measured by cardiac catheterization, and the cardiac output by the Fick principle, in the 
recumbent position. After the patient had reached a steady state, 15-20 mg. of hexamethonium bromide 
was injected down the cardiac catheter, and the pulmonary arterial pressure measured at intervals, for 
20 minutes, at the end of which the cardiac output was again estimated. The cardiac rate and the arterial 
blood pressure were also recorded before and after the administration of the drug. The dose used was 
determined by previous test doses in each patient, the smallest amount that produced a fall in the arterial 
blood pressure of not more than 10 mm. Hg in the recumbent position being given for the catheterization 
observations. 

The results showed that in the patients with severe active pulmonary hypertension, hexamethonium 
produced a fall in the pulmonary arterial pressure of approximately 30 per cent. The reduction in pressure 
commenced within 2 minutes of the injection, was maximal at 10 minutes, and did not last more than 20 
minutes. In patients with moderate pulmonary hypertension, the fall in pulmonary arterial pressure 
was less, while it was negligible in those with normal or slightly elevated pressures. In none of the cases 
showing an appreciable fall in pulmonary arterial pressure was there a significant alteration in cardiac 
output or heart rate. The fall in systemic blood pressure was slight or negligible in all cases. In twc 
additional patients the ‘‘ pulmonary capillary ’’ pressure was measured before and after hexamethonium. 
and a reduction occurred. No untoward effects from hexamethonium were noted. 

It is concluded that hexamethonium lowers the total pulmonary vascular resistance in patients wit! 
active pulmonary hypertension. This reduction is likely to be due to a fall in arteriolar resistance resultin; 
from dilatation of the pulmonary arterioles mediated through the autonomic nervous system. Thes 
findings provide further evidence of functional constriction of the pulmonary arterioles, and the results ar: 
discussed in the light of the concept of a ‘* protective ’’ increase in arteriolar resistance, and of the possibl: 
treatment of pulmonary hypertension with hexamethonium or similar compounds. 
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THE Diuretic EFFECTS OF DIAMOX, A CARBONIC ANHYDRASE INHIBITOR 


By T. HANLEy (introduced by C. E. Davies). A new diuretic (diamox or 6063) which acts by inhibiting 
the enzyme carbonic anhydrase in the renal tubules has recently been introduced. The effects of this 
substance have been studied in normal persons and in patients with heart failure, with particular reference 
to the effect on urinary excretion of sodium and water. There is little difference between the effects pro- 
duced in these two groups. The diuretic action is transient and adaptation to the drug occurs within 
three days. 

The normal function of the enzyme in tubular reabsorption is discussed and an account is given of the 
value and practical limitations of diamox as a diuretic in the treatment of heart failure. 


MITRAL INCOMPETENCE RESULTING FROM AURICULAR FIBRILLATION 


By RAYMOND DALey and I. K. R. MACMILLAN (introduced). In patients believed to be suffering from 
mitral stenosis who have auricular fibrillation, the left auricular pressure wave may closely resemble that 
obtained in patients suffering from mitral incompetence. In order to assess the significance of this, auricular 
fibrillation was produced electrically in a series of dogs. The left auricular pulse wave resembled that 
obtained from patients with fibrillation, and from dogs in which experimental mitral incompetence was pro- 
duced. During auricular fibrillation Evan’s blue injected into the left ventricle was aspirated from the left 
auricle before recirculation could have occurred. This did not occur in normal rhythm. Hence, in the 
dog, auricular fibrillation is accompanied by mitral incompetence. 
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ABSTRACTS OF CARDIOLOGY 
Edited in collabaration with Abstracts of World Medicine 


Atrial Septal Defects in Children. An Angiocardiographic 
Study. J. LinpandC. WeGeE.ius. Circulation(N.Y.), 
7, 819-829, June, 1953. 


Angiocardiography has hitherto been considered of 
relatively little value in the diagnosis of atrial septal 
defect, which, according to Taussig, is the congenital 
cardiac abnormality most frequently seen in medical 
practice and the one least often diagnosed correctly. By 
the use of synchronous exposure of films in two planes 
(10 to 12 exposures per second in left and right anterior 
oblique views) precisely timed in the cardiac cycle by 
simultaneous electrocardiography, the authors have been 
able to visualize an atrial septal defect in 30 of 150 
patients with suspected congenital heart disease. 

During angiocardiographic studies made on foetuses of 
12 to 22 weeks within half a minute of delivery by 
Cesarean section, the authors found that the opaque 
material injected via the umbilical vein could be followed 
directly through the ductus venosus into the right atrium, 
the stream dividing into a large left stream passing through 
the foramen ovale and a small right stream. In normal 
infants this patency cannot be demonstrated after the 
6th day of life. In infants with asphyxia neonatorum, 
angiocardiography may demonstrate a prenatal type of 
circulation, with most of the blood being directed from 
the inferior vena cava into the left atrium. 

Where atrial septal defect is suspected in infants and 
young children, it is recommended that the opaque 
material be injected via a malleolar vein. The patency is 
demonstrated during auricular diastole, a momentary 
reversal of shunt apparently occurring at this phase as 
the right auricle fills more quickly than the left. During 
auricular systole the caval orifices are functionally closed 
and a shunt reversal is less likely. In most cases the left 
anterior oblique view gives some information about the 
location of the defect, and recognition of its size makes it 
possible to exclude simple patency of the foramen ovale 
or small, clinically unimportant defects. T. Semple 


Nomenclature and Criteria for Diagnosis of Diseases of 
the Heart and Blood Vessels. The Criteria Committee 
of the New York Heart Association Inc. New York 
Heart Association Inc., 1953. Sth Edition. Pp. 359. 
Fig. 51. 


Cardiology has expanded much since the first edition of 
this work appeared in 1929, enabling a great deal of new 
interest and many fresh illustrations to be included in this 
fifth edition. The sections on roentgenology, electro- 
cardiography, and pathology have been re-written, and 
a new chapter added on peripheral vascular disease. 
The book is compiled by The Criteria Committee of the 


New York Heart Association, with Dr. H. E. B. Pardee 
as Chairman, and their hope is that further standardiza- 
tion of nomenclature will improve and clarify expression 
and understanding in cardiovascular disorders. Exam- 
ples are to be found in their suggested terminology of 
heart sounds, essential polyangiitis for periarteritis 
nodosa, and “ cardiac insufficiency ’’ for cardiac failure. 
A.useful academic reference book. J. L. Lovibond 


Physiology Therapy for Obstructive Vascular Disease. 
Isaac STARR, M.D., Modern Medical Monographs, 
No. 6. New York: Grune & Stratton, 1953. Pp. 38. 


The author’s approach to his subject chosen for the 
George E. Brown Memorial Lecture for 1952, is de- 
liberately informal. In an essentially personal narrative 
of past experience in this field he advocates a wider use 
of the simple histamine skin test in grading peripheral 
vascular disease. Bed posture, he suggests, should be 
dictated by the patient’s judgment; post-prandial vaso- 
dilatation may be utilized in treatment by prescribing 
frequent feeds. Sympathectomy has its limitations, but 
other therapeutic measures have been worth considering, 
such as oxygen perfusions of the skin or dessication of 
the limb, and dry treatment either by iontophoresis or by 
inter-arterial catheter. His comments are often interest- 
ing and stimulating. J. L. Lovibond 


Embolic Occlusion of Patent Foramen Ovale. A Syn- 
drome Occurring in Pulmonary Embolism. G. B. 
and R. E. BEamisH. Circulation (N.Y.), 
8, 394-402, 1953. 


Two cases of pulmonary infarction with atypical clinical 
manifestations were recently encountered; at necropsy a 
thrombus was found passing through a patent foramen 
ovale. This the present authors describe as embolic 
occlusion of a patent foramen ovale as distinct from 
paradoxic embolism ”’. 

They summarize 48 cases, particularly the 29 reported 
since 1926. The clinical sequence is described as exten- 
sive pulmonary embolism followed by decompression 
shunt between the right and left atria. This may lead 
to a variable but brief period of improvement, but should 
the patent foramen ovale become blocked by a further 
embolus the patient dies suddenly of an acute cor pul- 
monale. James W. Brown 


Anatomic Variations in the Tetralogy of Fallot. T. G. 
Barres, F. R. JOHNSON, W. J. Potts, and S. GIBSON. 
Amer. Heart J., 46, 657-669, Nov., 1953. 


In an attempt to determine the relative merits and 
dangers of a direct approach to the pulmonary valve 
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with infundibular resection and of creation of a shunt 
between the subclavian and pulmonary arteries in the 
treatment of Fallot’s tetralogy, 350 post-mortem speci- 
mens showing congenital deformities of the heart from 
a collection made at the Children’s Memorial Hospital, 
Chicago, were critically reviewed and 42 selected which 
fulfilled the criteria of tetralogy of Fallot. There were 
12 with pulmonary atresia, in 4 of which the pulmonary 
arterial segment was adequate for a shunt operation. 
Of the remaining 30 hearts, all had infundibular stenosis, 
and 10 had valvular stenosis as well. The amount of 
overriding was less than 25% in 5 cases, between 25 and 
50% in 18 cases, and over 50% in 7 cases. 

In 8 instances (27%), the stenosis was caused by a thin 
fibro-muscular band at the lower bulbar orifice and 
could have been relieved by infundibular resection. In 
the other 22 cases, however, infundibular resection would 
have been a formidable procedure. The various kinds 
of stenosis encountered were classified: the commonest 
was tubular and involved the whole infundibulum. The 
authors admit that hearts fixed in formalin may give a 
false impression of their physiological behaviour; they 
also point out that the great majority of the hearts studied 
came from children under 3 years of age, whereas most 
previously published studies of a similar nature in which 
the findings have differed from theirs have been carried 
out on older children and adults. Paul Wood 


Mechanical and Myocardial Factors in Chronic Con- 
Sstrictive Pericarditis, R.M. Harvey, M. I. Ferrer, 
R. T. CATHCART, D. W. RICHARDS, and A. COURNAND. 
Circulation (N.Y.), 8, 695-707, Nov., 1953. 


Detailed studies, including cardiac catheterization, on 
5 patients with constrictive pericarditis showed there to 
be important variations from the uniform clinical and 
physiological picture usually accepted as characteristic 
of this disease, in which the mechanical effects of an 
inelastic pericardium are considered to be the salient 
factor. Although the mechanical factor was in fact the 
dominant one in the first case, closer study of the pres- 
sures suggested that the distensibility characteristic of 
the pericardium replaced that of the individual chambers. 
In the second case it was demonstrated that the hemo- 
dynamic abnormalities associated with constrictive peri- 
carditis may exist in the absence of any clinical signs of 
congestion, and in the third an extensively calcified peri- 
cardium was found unaccompanied by signs of con- 
gestion. In the fourth case, in which the hemo- 
dynamic findings were mostly typical of constrictive 
pericarditis, the favourable results obtained with digoxin 
emphasized the importance of myocardial failure in this 
disease; the role played by an inelastic pericardium was 
not fully elucidated in this case. In the fifth case many 
of the signs of congestion were found to be reversible 
under treatment with rest, digitalis, and diuretics. 
A. Schott 


Acute Idiopathic Pericarditis, E. M. Goyette. Ann. 
intern. Med., 39, 1032-1044, Nov., 1953. 


The author describes 28 cases of acute idiopathic peri- 
carditis. The ages of the patients ranged from 18 to 63, 
but only 4 were over 50. In 17 cases there was a history 


of a preceding upper respiratory infection. The onset 
was abrupt in 19, less acute in 8, and insidious in one. 
Pain, which was the presenting symptom in all cases, 
was localized in the mid-chest in 17, occurring in all 
parts of the left chest in the remainder. It was inter- 
mittent in character and often intensified by respiration. 
A pericardial rub was heard in 23 cases seen at an early 
stage of the illness; this persisted for days or months, 
and in some cases disappeared only to return a few days 
later. Radiological examination showed enlargement 
of the heart shadow in 6 cases, there being considerable 
pericardial effusion in 2. An associated pleural effusion 
was noted in 2 cases. Pericardial fluid, which was 
examined in 4 cases, contained many cells, 80 to 95°% of 
which were lymphocytes. Pericardial biopsy in one case 
showed non-specific inflammatory changes. Charac- 
teristic changes were observed in the electrocardiogram 
(ECG) in all but one case. 

The illness lasted from a few days to 4 months, 
averaging 3 to 4 weeks. One patient had two attacks. 
The author draws attention to the importance of the 
differential diagnosis from myocardial infarction, which 
was originally diagnosed in 22 of the 28 cases. The main 
distinguishing features of pericarditis are the absence of 
shock, the occurrence of a pericardial rub, fever, and 
leucocytosis at the onset of the pain, accompanied by 
changes in the ECG. Antibiotic therapy was without 
any effect on the course of the disease in the cases 
described. C. Bruce Perry 


Cardiac Surgery under Hypothermia. C. P. BAILEY, 
B. A. Cookson, D. F. Downina, and W. B. NEPTUNE. 
J. thorac. Surg., 27, 73-95, Jan., 1954. 


In this paper the authors discuss the rationale of hypo- 
thermia, stating that at low temperatures the demands 
of the body for oxygen are small and that myocardial 
activity is depressed. 

They then discuss the indications for hypothermia in 
cardiac surgery, giving it as their opinion that it is pre- 
ferable to any heart-lung apparatus which has so far 
been devised. They consider that only by use of cooling 
can large inter-atrial septal defects be properly repaired, 
and narrate some of their experiences with hypothermia 
in this condition. In describing some of the many 
methods by which hypothermia can be produced they 
state that they consider the procedure has only a limited 
application—apart from inter-atrial septal defects, cool- 
ing is called for only in the case of infants with a severe 
degree of congenital cyanosis where a prolonged inter- 
ruption of the blood supply to the vital centres may be 
necessary and as a means of permitting open surgery 
on the right side of the heart. The contraindications to 
hypothermia are listed as: severe myocardial damage, 
acquired heart disease, and left-sided lesions requiring 
an open technique. J. R. Belcher 


The Diuretic Action of Potassium Associated with a Low- 
sodium Diet in the Treatment of Cardiac (£dema. 
G. MEZZASALMA and C. BRENTANO. Osped. maggiore, 
41, 353-368, Aug., 1953. 


The authors, having observed that the sodium content 
of cdema fluid is high and its potassium content low, 
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deduce from this that in cases of congestive heart failure 
there is a potassium-sodium imbalance. They suggest 
that in such patients the intracellular level of potassium 
is low, and that oral administration of potassium salts 
restores this level to normal, with resulting mobilization 
of sodium and excretion of cedema fluid. 

They have tested this hypothesis in 10 selected cases 
of congestive heart failure in which routine therapy had 
proved ineffective, giving a mixture of potassium salts 
by mouth. In each case diuresis occurred and there was 
a fall in weight as the cedema resolved; the diuresis was 
maintained for some days after cessation of administra- 
tion of potassium. No toxic effects were observed and 
no deleterious change took place in the electrocardiogram 
of any of the patients. D. Weitzman 


The Action of Procainamide on Auricular Arrhythmias. 
N. BoYADSIAN and F. VAN DooreENn. Arch. Mal. Ceur, 
46, 941-948, Oct., 1953. 


Stable auricular fibrillation was produced in 20 dogs by 
Scherf’s method. In all cases permanent reversion to 
normal rhythm followed the intravenous injection of 
procainamide in doses of 10 to 15 mg. per kg. body 
weight. Such doses caused no electrocardiographic 
abnormalities, but when 2 dogs were given 2-5 and 3 g. 
of procainamide respectively intravenously, prolongation 
of the P-R interval follows, with intraventricular block 
and ventricular extrasystoles, and one dog died from 
ventricular fibrillation. 

In the treatment of auricular arrhythmias in man the 
drug had little effect by mouth. Given intravenously in 
doses of 0-3 to 0-5 g. it effectively, though briefly, sup- 
pressed auricular extrasystoles in 3 cases. In doses of 
0:5 to 1-3 g. it corrected auricular paroxysmal tachy- 
cardia in 3 cases and auricular paroxysmal fibrillation of 
recent onset in 2. It was ineffective in established cases 
of auricular fibrillation. 

When given intravenously procainamide may cause 
hypotension: it should therefore be given at a rate no 
greater than 0-1 g. per minute, the patient being recum- 
bent and a watch being kept on his blood pressure. 
When given intramuscularly the drug does not lower the 
blood pressure, and having successfully corrected 
paroxysmal auricular fibrillation in 2 cases with intra- 
muscular injections totalling 2 and 3 g. respectively, the 
authors consider that the administration of procain- 
amide by this route merits further study. J. A. Cosh 


L-Noradrenaline in Treatment of Shock in Cardiac In- 
farction. K. SHIRLEY SMITH and A. Guz. Brit. med. 
J., 2, 1341-1345, Dec. 19, 1953. 


The prolongation of the severe shock which usually 
accompanies cardiac infarction gravely influences the 
prognosis. The authors briefly review previous methods 
of treating such cases, and in view of the claim made by 
anesthetists that the levo-rotatory form of noradrenaline 
obviates serious falls of blood pressure during major 
operations, decided to try this substance in cardiogenic 
shock. 

In 6 such cases the method was used when the systolic 
blood pressure was progressively falling or had remained 
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below 80 mm. Hg for 24 hours, especially if there was 
also oliguria or a very low pulse-pressure; 2 of the 
patients were pulseless when the infusion was begun. 
To a litre of 5% dextrose solution or of 4-3% dextrose 
in 0-18% saline (not normal saline, to avoid excess of 
sodium ions), 4 ml. of a 1-in-1,000 L-noradrenaline 
bitartrate solution was added, giving a concentration of 
the drug of 4 wg. per ml. This was given as an intra- 
venous drip infusion, the rate being adjusted as indicated 
by frequent readings of the blood pressure, the aim being 
to keep the systolic pressure between 100 and 110 mm. 
Hg. Where it was necessary to give large doses the 
concentration of L-noradrenaline was increased in order 
to maintain a reasonably slow rate of infusion; in one 
case the concentration was raised to 64 ml. per litre. 
The infusion was maintained over periods varying from 
3 hours to 8 days; the process of discontinuation of the 
infusion had in some cases to be very gradual to avoid 
a dangerous fall in systolic pressure. Clinical improve- 
ment was immediately apparent in each case, with rise 
of systolic pressure and recovery of consciousness when 
this had been lost. Of the 6 patients, 2 who were shown 
at necropsy to have recent as well as old infarctions died 
within 4 days, but 4 recovered, although one of these 
died of congestive heart failure 4 months later; the other 
3 patients were still well 6 to 13 months later. 

The authors discuss the mode of action of the drug 
and the indications for its use, and compare their results 
with those reported in other cases treated similarly. 

R. S. Stevens 


Clinical Diagnosis of Pulmonary Hypertension in Patients 
with Mitral Stenosis. W. WHITAKER. Quart. J. Med., 
23, 105-112, Jan., 1954. 


The author has examined 25 patients with mitral stenosis 
in an attempt to determine whether correlation was 
close enough between the mean pulmonary arterial blood 
pressure and the clinical, electrocardiographic, and radio- 
logical signs to make possible a clinical evaluation of 
the degree of pulmonary hypertension. Pulmonary 
arterial pressures were measured by cardiac catheteriza- 
tion. Pulmonary hypertension was arbitrarily classed as 
*“mild’’ in 7 patients with mean pulmonary arterial 
pressures less than 40 mm. Hg, “ moderate”’ in 10 
patients with pressures between 40 and 69 mm. Hg, and 
** severe’ in 8 in whom pressures ranged from 70 to 
108 mm. Hg. 

Results showed that whereas hemoptysis and noc- 
turnal dyspnoea were more common in patients with 
moderate or severe pulmonary hypertension, little 
reliance could be placed on these symptoms alone in 
assessing the degree of hypertension. Prominent auri- 
cular waves in the jugular venous pulse were found to 
be a valuable sign of severe pulmonary hypertension in 
patients with sinus rhythm. The palpation of a systolic 
* lift’? over the 2nd and 3rd left intercostal spaces was 
of little positive value in indicating the degree of pul- 
monary hypertension, since it was present in most of 
the patients in all three groups, but the finding of a 
palpable second heart sound was an important indication 
of severe or moderate pulmonary hypertension in patients 
with mitral stenosis. 
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A loud pulmonary second sound was to be heard 
in all but 2 of the patients and is considered to be an 
unreliable guide to the degree of pulmonary hyper- 
tension, but a loud second element of a duplicated 
second sound, heard in 3 of the severe and 4 of the 
moderate cases, is a definite, though inconstant, sign of 
severe or moderate pulmonary hypertension. A Graham 
Steell murmur was present in 7 of 8 patients with severe 
pulmonary hypertension, but owing to the difficulty of 
excluding aortic incompetence the value of this sign was 
considered doubtful. In the electrocardiogram the pat- 
tern of right ventricular hypertrophy in Lead V1 was 
found to be evidence of moderate or severe pulmonary 
hypertension. The degree of prominence of pulmonary 
arteries, which was demonstrable radiologically in 19 
patients, was a good indication of the severity of pul- 
monary hypertension, though it may be difficult in some 
cases to exclude other concomitant cardiac lesions. 

From this study the author concludes that the degree 
of pulmonary hypertension in patients with mitral stenosis 
can be estimated from the clinical, electrocardiographic, 
and radiological findings without resort to cardiac 
catheterization. E. G. Rees 


The Association between Hypoglycemia and Myocardial 
Infarction. B. GANDEVIA. Med. J. Aust., 1, 33-36, 
Jan. 9, 1954. 


By studying two series of cases the author, at the Royal 
Melbourne Hospital, Melbourne, attempted to assess the 
frequency of the association between hypoglycemia and 
myocardial infarction. 

Of 50 consecutive patients with myocardial infarction, 
6 had had an antecedent hypoglycemic reaction at 
approximately the time of onset of the infarction. Five 
of the patients were diabetics who had been receiving 
insulin for some years, and the sixth had an islet-cell 
tumour of the pancreas. 

Discussing the possible mechanism by which hypo- 
glycemia could cause cardiac infarction and anginal 
pain, the author suggests that they are most likely the 
result of a hyperdynamic circulatory state. A high- 
protein diet is recommended as a prophylactic in patients 
who have any anginal symptoms associated with hypo- 
glycemia. The importance of preventing hypoglycemic 
reactions in elderly diabetic patients with a diminished 
cardiac reserve is emphasized and it is suggested that 
small doses of neostigmine should be given as a pro- 
phylactic in hypoglycemic attacks. J. Lister 


Commissurotomy for Aortic Stenosis. C. P. BAILEY, 
H. E. Botton, W. L. JAMISON, and H. B. LARZELERE. 
J. int. Coll. Surg., 20, 393-408, Oct., 1953. 


\fter the mitral valve, the aortic valve is the most 
ommon site of rheumatic involvement. The method 
‘eveloped by the authors for the surgical relief of the 
‘enosis by direct and forcible dilatation has been de- 
‘ribed elsewhere (Larzelere and Bailey, J. thorac. Surg., 
’53, 26, 31). By means of a transventricular approach, 
guide is passed through the stenosed orifice and a 
vecial dilator is then passed over the guide and led into 
Opening. 


The authors now record the use of this method in 
77 cases of aortic stenosis, in more than half of which 
there were coexistent mitral lesions. The operation 
mortality was 15-6%, with an unexpectedly high pro- 
portion of fatalities among the patients with isolated 
aortic lesions (7 out of 35, compared with 5 deaths 
among 42 patients with combined lesions). In 7 cases 
aortic insufficiency resulted from, or was increased by, 
the operation. 

In spite of these excellent pioneer results the authors 
are dissatisfied with the method and are critical of the 
transventricular approach because of technical difficulties 
and the possibility of damage to the soft left ventricular 
muscle. A retrograde approach has therefore been 
developed which permits palpation of the valve from 
above and allows the finger to be used in directing 
instruments through the stenosis. The retrograde 
method is probably the operation of choice in cases of 
isolated or pure aortic stenosis, but where mitral valvo- 
tomy has also to be undertaken the left transventricular 
approach to the aortic valve is more suitable. 

T. Holmes Sellors 


Complete Anomalous Pulmonary Venous Drainage. 
J. D. Kerrn, R. D. Rowe, P. VLApb, and J. H. 
O’HANLEY. Amer. J. Med., 16, 23-38, Jan., 1954. 


The authors describe 14 cases of total anomalous pul- 
monary venous drainage into the right side of the heart, 
the diagnosis being confirmed post mortem in 13, and 
add these to 45 proved cases culled from the literature. 
The pulmonary veins drained into a left-sided superior 
vena cava in 43% of the 58 proved cases, into the 
coronary sinus in 19%, into the right atrium in 14%, 
into a right-sided superior vena cava in 12%, and in 
the remainder into the portal vein, ductus venosus, or 
superior vena cava and right atrium. Of the 58 patients, 
47 (80%) died in the first year of life, and all the remainder 
before the age of 8 years, with the exception of one who 
survived to the age of 27. 

Cyanosis was not significant in the cases studied by 
the authors, the arterial oxygen saturation ranging uni- 
formly between 80 and 95%, with one exception in which 
it was 63%. Paul Wood 


Pulmonary Valvotomy. Results of Operation in Twenty- 
five Cases. G. H. Humpureys, S. Powers, H. Fitz- 
PATRICK, and B. M. LANMAN. Surgery, 35, 9-21, 
Jan., 1954. 


The authors report their experience in 25 cases of 
pulmonary valvotomy performed by the Brock technique. 

A pure valvular stenosis, without a septal defect, was 
present in 9 cases. In all but one of these there was a 
marked clinical improvement after operation. Valvular 
stenosis with an auricular septal defect was present in 
5 cases; clinical results were ‘‘ excellent ’’ in 2, “* good ” 
in 2, and ** questionable ’’ in one case. Valvular stenosis 
with a ventricular septal defect was present in 11 cases. 
In this group there was a less striking fall in ventricular 
pressure after valvotomy, and the clinical improvement 
was rather variable and often disappointing. 

R.L. Hurt 
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(CYCLOCUMAROL, ABBOTT) 
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vecords with the 


COSSOR 


ELECTRO-CARDIOGRAPH 


MODEL 


1314| 


The most convenient aid in the 
diagnosis of cardiac conditions, 
the Cossor Electro-Cardiograph 
gives a direct visible and permanent 
record on special sensitized paper, with- 
out the complication and delay of photo- 
graphic development. The calibrated recording 
paper is supplied in rolls of 150 ft., allowing a 
continuous run of up to 30 minutes. The instrument 

is supplied with a Switch Attachment Model 1351 

for the selection of Augmented Unipolar Leads. The 
compact alloy case is of stove enamel finish with neat 
zip-fastening showerproof cover. For use on A.C. mains 100/125 and 200/250 volts (50 cycles) or a suit- 
ably filtered D.C. Rotary convertor. A special sprung Trolley Model 1350, finished to match the cream 
enamel of the instrument, is available for hospital use. Demonstrations can be arranged on request. 
A. C. COSSOR LTD., INSTRUMENT DIVISION, DEPT. No. 18, HIGHBURY, LONDON, N.5. 
Telephone: CANonbury 1234 (33 lines) Telegrams : Cossor, Norphone, London Cables ; Cossor, London 
C.1.29 
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Electrocardiography. Phonocardiography. Electrokymography. 
Ballistocardiography. Vectorcardiography. 


N.E.P. versatile 


MULTI-CHANNEL ELECTRO-PHYSIOLOGICAL 


Recording Equipment », 


Electrocardiography, Phonocardiography and Intra-Cardiac Manometry 


XR So HIS range of equipment comprises everything needed for 
; measurement, visual monitoring and photo-recording of electro- 

cardiograms, phonocardiograms, mean and dynamic blood pres- 

sures in all aspects of cardiovascular and general physiological 

research. 

AMPLIFIERS: 

The amplifiers, which are A.C. mains-operated, self-contained and 

interchangeable, are of two types — A.641 and A.642. 

(a) Type A.641 is for general single and multi- 
channel electrocardiography, low frequency 

phonocardiography, pulse recording, 


Above—N.E.P. Recording camera. 
Right—N.E.P. Amplifier Trolley 
(for up to six channels) 


N.E.P. RECORDING CAMERA 
WITH AMPLIFIER TROLLEY 


Electro Manometer and 2-Channel Oscilloscope 


Presst 
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Pressures —Intra-cardiac, Intra-venous, Intra-arterial, Jugular pulse 
Carotid pulse. Respiration. 


etc. A built-in direct current amplifier provides for pressure 


] measurements, recording of respiration or any phenomena requir- 
: ing an amplifier with an over-all time-constant of more than two 
seconds. 
(b) Type A.642 is for phonocardiography, with built-in five- 
P position filter for recording of the standardised high, medium and 


low phonocardiograms. The phonocardiograph amplifier is 
supplied with stethoscope transducer for aural monitoring. For 


" teaching purposes the amplifier has output to drive up to twenty- 
four stethoscope transducers simultaneously. 
y Sockets are provided on all types of amplifiers to connect the 


oscilloscope for visual display. The amplifiers have sufficient 
output to operate directly the mirror galvanometers of the record- 
ing camera, which is entirely self-contained. In the N.E.P. Electromanometer a built-in 
meter gives a direct reading of the mean 


Four pre-set speeds of 2:5, 8, 25 and 80 mm. per second may be pressure. Output sockets provide for simul- 
- selected emma by a panel-mounted switch catering for taneous recording of mean and dynamic 
| all requirements - from pressures, either the 
| li an r of the 
low speeds for pressure- Recorder, or any other type of recording 
recording, to high equipment. 
{ speeds for phono- A built-in five-position electric filter provides 
cardiography. Special a varying degree of damping. 


types of interchangeable amplifiers, such as are needed for strain- 
gauges and thermocouples, can be supplied. 


N.E.P. ELECTROMANOMETER 

The electromanometer (of capacity type) has been designed par- 
ticularly for intra-arterial, intra-venous and intra-cardiac pressure 
measurements. The pressure head itself has an inherently high 
linear response and a single diaphragm provides all the pressure 
ranges normally required in cardio-vascular research. Ranges of 
0-10, 0-30, 0-100, 0-300 may be selected by means of a panel- 
mounted switch. The pressure diaphragm together with the taps can 
be sterilised by boiling. 


WHAT ARE YOUR NEEDS? 
This equipment is all part of the N.E.P. range of apparatus designed for use together 
or separately, suitable equally for routine multi-lead E.C.G. or diverse phenomena 
in research. The units cater for all present specifications with adequate margin for 
future needs, yet are simple enough for clinical routine. Your inquiry stating your 
individual needs, or for literature and further details, will receive prompt attention, 


HE N.E.P. TWO-CHANNEL OSCILLOSCOPE provides observation of any two wave forms on a long after-glow screen. 
our pre-set time base speeds identical to the speeds of the N.E.P. recorder give the same display of the phenomena which 
being recorded. 

ovision has also been made for displaying up to two Vector-cardiograms. 


NEW ELECTRONIC PRODUCTS ur. 
9 New Cavendish Street, London, W.1 (WELbeck 1421-2) 


Contractors to the Ministry of Supply, Ministry of Health, U.S.A.F., etc. 
A.1.D.-approved. 74/3 
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IN MODERATE, 
SEVERE AND 
RESISTANT 
HYPERTENSION 


The calming, relaxing and mildly hypotensive 
effect of Rauwiloid, when combined with the 
more potent Veriloid (brand of standardized 
alkaloids of Veratrum viride), leads to a unique 
type of drug complementation. The patient’s 
Veriloid requirement is decreased, side effects, 
if present, disappear and significant hypotensive 
response is produced. Not only are the diastolic 
and systolic pressures lowered significantly, but 
also at the same time the patient feels better. 


RAUWILOID + VERILOID 


Headache and dizziness disappear and tachy- 
cardia, when present, is replaced by mild 
bradycardia. 

On the basis of this apparent synergism, 
Rauwiloid + Veriloid leads to excellent results 
in moderate, severe and resistant hypertension. 
Each tablet contains 1 mg. of Rauwiloid and 
3 mg. of Veriloid. Average dose: one tablet 
three or four times daily, preferably after meals, 
at intervals of not less than four hours. 


In mild and labile hypertension... . 


Rauwiloid produces excellent results in early, 
mild or labile hypertension. Blood pressure is 
significantly reduced, a sense of well-being is 
quickly experienced and mild bradycardia re- 
places tachycardia. Toxic reactions do not 
occur, even when the amount of drug admin- 
istered is three or four times the usual dose. 


RAUWILOID 


Side effects are rare. Initial dose: 4 mg. (2 
tablets) once daily ; maintenance dose : 2 mg. 
daily. Rauwiloid is a standardized alkaloidal 
extract of Rauwolfia serpentina. Each batch 
is tested in dogs for its sedative, hypotensive 
and bradycardic effects. Hence pharmaco- 
logical uniformity is assured. 


“RAUWILOID” and “ VERILOID” are Registered Trade Marks 
Regd. Users: 


RIKER LABORATORIES LTD. Loucnsoroucu, Leics. 


ORIGINAL PRODUCTS OF RIKER RESEARCH. 


BRI 


RY 
vi 
4 


BRITISH HEART JOURNAL OCTOBER, 1954 


New 


FIRST 
SAFE AND EFFECTIVE 
INTRAMUSCULAR IRON 


BENGER LABORATORIES, who introduced the first intravenous iron preparation, 
now present a new and equally effective iron complex for intramuscular administration. 
ITS NAME IS IMFERON. The introduction of this new compound considerably 
simplifies the control of iron deficiency anemias in both hospital and general practice. 


Note these advantages .. . 


* Imferon is the first safe and effective iron ¥% Imferon produces a haemoglobin response 


preparation for intramuscular injection— identical with that obtained by saccharated 
equally suitable for general practice and oxide of iron. The response is thus 
hospital use. predictable. 

%* Imferon is well tolerated. Reactions of the 4% Imferon provides the equivalent of 250 m.g. 
kind which have been reported with of iron per § ml. injection; fewer injections 
saccharated oxide of iron have not been are therefore necessary to administer the 
observed. calculated total dose. 


AMPOULES 2 ml. (100 mg. Fe.) boxes 10 and 100 AMPOULES 5 ml. (250 mg. Fe.) boxes 5 and 50 


Fully-descriptive literature on request. 
A Technical Information Service is at your disposal. 


Iron-Dextran Complex 


A PRODUCT OF 
| BENGER } 


RESEARCH 
BENGER LABORATORIES LIMITED + HOLMES CHAPEL <: CHESHIRE 


TRADE 
MARK 
vil 
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RAC ELECTROMANOMETER 
Recording Equipment 
“for Cardiac Catheterisation 


This R.B.10 Type single-channel equipment includes 
a pre-amplifier, driving amplifier, pen recorder and 
saline supply panel. Alternative types of multi-channel 
amplifier and pen recorders are available. 


U.K. AGENTS: GENERAL RADIOLOGICAL LTD., CLIPSTONE STREET, 
GREAT PORTLAND STREET, LONDON, W.1 


INSTRUMENTS LIMITED 
: SURREY 


Telephone: Camberley 2230 (3 lines) Telegraphic Address: ‘ Minrak,’ Camberley, England 
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PHILIPS 


DIRECT-WRITING 
Single Channel 


ELECTROGARDIOGRAPH 


TRULY PORTABLE : 
Weight, complete with 
all accessories, 

only 31 Ibs. 


O™ of the most outstanding instrument 
developments of recent years, the 
Cardioluxe ” Direct-Writing Electrocardio- 
graph enables physicians to record all modern 
electrocardiographic leads accurately, instan- 
taneously, and in the minimum of time. 

The extreme fidelity of this instrument, 
brought about by built-in standards of high 
accuracy, is such that it does not have to be 
compared with the so-called “ standard ” 
photographic apparatus. Complete freedom 
from interference guaranteed under all con- 
ditions. Write for full details. 


PHILIPS ELECTRICAL LTD. 


ELECTRO-MEDICAL APPARATUS - X-RAY EQUIPMENT FOR ALL PURPOSES - LAMPS & LIGHTING 
EQUIPMENT - RADIO & TELEVISION RECEIVERS - SOUND AMPLIFYING INSTALLATIONS 


ELECTRO-MEDICAL DEPARTMENT, PHILIPS ELECTRICAL LIMITED, CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W C 2 
(XFQISA REV.) 
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PRONESTYL 


For efficient 
control of 


cardiac arrhythmias 


Extensive clinical trials have demonstrated the efficacy by f 
the oral route of PRONESTYL (procaine amide 
hydrochloride, Squibb) in auricular tachycardia, flutter y 


and fibrillation, as well as in ventricular arrhythmias. 


Literature and samples gladly sent on request. 


SQUIBB 


£. R. SQUIBB & SONS, 17-18 OLD BOND STREET, LONDON, W.I Tel. HYDE PARK 1733 
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NATIVELLE’S 
DIGITALINE 


Successful Clinical Practice spreading over many years 
is proof of the trustworthiness of THE ORIGINAL 
PRODUCT. Standard works on cardiology and current 
medical literature contain numerous references to the 
unfailing reliability and constant activity of NATI- 
VELLE’S DIGITALINE. Literature and samples will 
gladly be forwarded on request. 


Supplied in the following forms: TABLETS (Pink) 0-1 
mg. (1/600 gr.). TABLETS (White) 0-25 mg. (1/240 gr.). 
AMPOULES for intramuscular and intravenous injection 
0-2 mg. (1/300 gr.). 


OUABAINE 
ARNAUD 


May be relied on for constant therapeutic effect when- 
ever Strophanthus preparations are indicated. 


International Standard of Ouabaine kept in National 
Institute for Medical Research, London. 


Supplied in the following forms: TABLETS 2-5 mg. 
(1/24 gr.) AMPOULES 0-5 mg. (1/120 gr.) for intra- 
muscular injection. AMPOULES 0-25 mg. (1/240 gr.) for 


intravenous injection. 


Samples and literature on request 


LABORATORY NATIVELLE LTD. 


74-77, WHITE LION STREET, LONDON, NI. 
and at 19, TEMPLE BAR, DUBLIN 
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CAMBRIDGE 
VECTOR 
CARDIOGRAPH 


Write for 
SHEET 317-H 


7386 


This new completely self-contained instru- 
ment is designed to meet all the requirements 
of the Cardiologist and to conform to the 
most modern practice. 

Will simultaneously record any 2 vector and/or scalar electrocardiograms from 
any combination of 12 electrode placements. Suitable also for phono- 
cardiograms, ballisto-cardiograms, or other physiological phenomena. Modulated 
brightness control. 

Time marking by ruling or by interrupted beam. Facilities for photographing 

unrolled or time-based vector loops, etc., etc. 


CAMBRIDGE INSTRUMENT COMPANY LIMITED 


13 GROSVENOR PLACE LONDON 
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THE CLINICIAN CHOOSES... 


In the majority of recent papers on digitalis 
action, the drug described was Digoxin. 
Digoxin is selected for clinical research in 


cardiology because it is a pure glycoside 


of constant composition, is very rapid in 

action, and its rate of elimination is slow 
enough to allow adequate maintenance therapy. 
Digoxin rarely produces local gastric effects. 
As in research, so in practice. For accuracy 


and safety the first choice is... . 


BURROUGHS WELLCOME & CO. 
(THE WELLCOME FOUNDATION LTD.) LONDON 
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AN EFFECTIVE MERCURIAL DIURETIC 


F - 


Effective diuretic therapy by oral administration is now made possible by MERCLORAN. One 
tablet three times daily, equivalent to 30 mg. mercury, is usually sufficient to keep cardiac patients 
free from oedema. Where more intensive treatment is needed MERCLORAN, being well tolerated 
by the majority of patients, can be taken more often and in increased doses. The need for injection 
is thus frequently eliminated. 
In severe cases, it is often desirable to initiate treatment parenterally, in which case the chemically 
related compound MERCARDAN (meralluride Sodium U.S.P.) is available. 


IN BOTTLES OF 25 AND 250 TABLETS 
RO 0) R A N AND MERCARDAN FOR PARENTERAL USE 
(CHLORMERODRIN N.N.R.) 


PARKE, DAVIS & COMPANY, LIMITED (Jnc.U.S.A.) HOUNSLOW, MIDDLESEX. Telephone: Hounslow 2361 
570 
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Cromexan 


BRAND 
ETHYL BISCOUMACETATE B.P. 


for 
GREATER SAFETY 
in the prophylaxis 
and treatment 


of thrombosis . . « 


Whether treatment is prophylactic or 


therapeutic Tromexan is rapidly effective. 
The promptness of its elimination mini- 
mises the danger of accidental hemorrhage 
and thus Tromexan provides anticoagulant 
therapy with a wide margin of safety. 
AVAILABILITY : 

300 mg. scored tablets in containers 

of 10, 100 and 500 tablets ; 50 mg. 


sugar-coated tablets in bottles of 
100, 500 and 1.000. 


Prescribable on N.H.S. form E.C.10. 


Literature and samples on request from 


‘a PHARMACEUTICAL 
Rhodes, Middleton, 


indications : 


RETINAL THROMBOSIS 


CORONARY THROMBOSIS 


CONGESTIVE HEART 
FAILURE 
(selected cases) 


PULMONARY EMBOLISM 


MESENTERIC THROMBOSIS 


PELVIC VEIN THROMBOSIS 


THROMBOPHLEBITIS 


ENDARTERITIS 
OBLITERANS 


PHLEBOTHROMBOSIS 


TRAUMA (selected cases) 


LABORATORIES GEIGY LTD. 
MANCHESTER 


PH. 59b 
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INSTRUMENTS FOR VALVULOTOMY 
FOR MITRAL VALVULAR STENOSIS 


by R. C. BROCK, MLS., F.R.C.S. 


Auricular Appendage Clamps, 
Set of three different shapes. 


Flexible Valvulotome. 


THE Genito-Urinary MFG. Co., LTD. 


28a, 33 & 34, DEVONSHIRE STREET, LONDON, W.! 


By Appointment to St. Peter’s Hospital for Stone, India Office, War Office, Admiralty, Crown Agents for the Colonies 
THORACOSCOPES — LARYNGOSCOPES — BRONCHOSCOPES — INSTRUMENTS for THORACIC SURGERY 


Telephone: Welbeck 2835 (3 lines). Telegraphic Address: ‘* Gystoscope, Wesdo, London” 
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A new oral 
prophylactic tablet 
in the treatment 
of pre-cordial 

pain of 


angina pectoris: 


TRADE MARK 
brand of Pentaerythritol Tetranitrate 


Acoronary vasodilator, active } an hour after swallowing and 
effective for4to5hours. Each tablet is of 10 mg. strength. 


Peritrate is a drug of considerable benefit in the 
prophylactic treatment of patients with coronary 
insufficiency, regardless of their age. The evidence of 
clinical trials indicates that in some cases Peritrate may 
protect completely against attacks; in others, the number 
of attacks is substantially reduced; while those attacks 
not prevented may be less intense and of shorter duration. 
Results so far obtained with Peritrate suggest that it is 
more efficacious than drugs such as aminophylline 

or khellin; also there are certain other beneficial effects 
which can be expected: 

1. Less palpitation, especially at night. 

2. Shortness of breath on effort, less severe. 

3. An improvement of 50 per cent in distance walked. 

4. Reduction of nitroglycerin requirement. 

5. The negative S-T segment shifts, ordinarily occur- 

ring after exercise, modified; Peritrate has returned 


the abnormal resting electro cardiogram towards 
normal in a significant number of cases. 


DOSAGE 1 or 2 tablets (10 mg. or 90 mg.) 4 times daily. . : 
PACKING AND PRICES. Bottles of 50 and 500 tablets. Dispensing 
bottles of 500 tablets supplied to chemists at 9/- plus P.T. 2/3. 


William R. Warner & Co. Ltd., Power Road, London, W.4. 
xvii 
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BLOOD PRESSURE 


CLINIC 
RECORDING EQUIPMENT. 


ELECTRO- CARDIOGRAPH 
Six channel photographic. 


The HEART 
of the matter 


Single and multi-channel 
JUNIOR ‘*is in the writing system, and the jet aeaee writing. E.C.G.'s. 


ELECTRO- CARDIOGRAPH 


alvanometer employed in the Elmavist 
Single channel photographic. 


series of electro-cardiographs has made 
these fine instruments the choice of 
the discriminating cardiologist, whether 
required for routine diagnostic work or 


TRIPLEX specialised techniques.” 
ELECTRO- 
CARDIOGRAPH. 


Four channel 


photographic. 
PORTABLE HEART s 

SOUND RECORDER. 

ELECTRO- 

CARDIOGRAM 

BRILLATOR MONITOR. , 


GENERAL RADIOLOGICAL LIMITED 


15-18, CLIPSTONE STREET, GREAT PORTLAND STREET, LONDON, W.1 
Telephone: MUSeum 3121 (3 lines) 
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that this unique 


SANBORN 


FOUR-CHANNEL 
DIRECT WRITING 
BIOPHYSICAL 
RECORDER 


IS THE IDEAL UNIT 
FOR RESEARCH 


. * E.C.G., AC, and DC, Ampli- 
fying Channels 


* Output for Oscillographs 
* Multispeed Paper Drive 


Linear Recording over full 
5 c.m., chart per channel 


* Recording in single, two and 
four channel chart paper. 


We recommend the latest 
simplified and highly stable 
SANBORN _Electromano- 
meter with the New Infusion 
Pump for measurement of 
Physiological pressure in con- 
junction with Sanborn and 
other recorders. 


ELECTRONIC & X-RAY APPLICATIONS LTD. 


13/17 PENNANT MEWS, KENSINGTON, W.8 ° Telephone: FREMANTLE 7744-5 Telegrams: EXAL, London 
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A MODIFIED HALDANE BLOOD GAS 
ANALYSIS APPARATUS 


x * 
DEVELOPED AT THE POSTGRADUATE 


MEDICAL SCHOOL TO THE DESIGN CF 
A. H. LATHAM, ESQ. 


x * 
REFERENCE: J. PHYSIOL (1947) 105, 345-356 
REVISED MODEL WITH A DIRECT DRIVE 
MECHANISM 
x * 
TESTED AND APPROVED BY THE 


DESIGNER, AND M.R.C. PANEL OF 
TECHNICIANS 


xk 


Further details and prices obtainable from the 
Manufacturers and Suppliers: 


AIMER PRODUCTS LTD. 


56/58 Rochester Place, 
Camden Town, 
Phone: Gulliver = London, N.W.I 


WANTED TO PURCHASE 


A Coniplete Set of 


The British Heart Journal 


OR ODD RUNS | 


WM. DAWSON & SONS, LTD. 


Rare Book Dept. 


102 WIGMORE STREET, LONDON, 
Tel.: Welbeck 8433 | 
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Pocrorysmal tachycardia .. . 


Attacks of paroxysmal tachycardia respond particularly well 
to the intravenous injection of Cedilanid (Lanatoside C), 
a crystalline glycoside isolated from Digitalis lanata. 


In adults, the dose is 0.8—1.6 mg. (4—8 ml.) 
intravenously. In children, 0.02—0.2 mg. 
(0.1—1.0 ml.) is recommended, according 
to age. 


The attacks are cut short within 15 minutes 
to 2 hours of the injection. 


References : (1) Amer. Heart J., 1941, 21, 133. 
(2) Ibid., 1947, 34, 871. 
(3) Ann. int. Med., 1950, 32, 116. 


NOTE: Cedilanid ampoules are supplied ready for use. 


No dilution is necessary before injection. 


Literature and samples available on request 


SANDOZ 


SANDOZ PRODUCTS LIMITED 


134, Wigmore Street, London, W.1 


j : 
i 
H 
| 
a 
| 
t 
| 
A 
XXL 


BRITISH HEART JOURNAL OCTOBER, 1954 


NOW READY 


A Visual Atlas of 


Congenital Heart 
Disease 


in Stereoseopie Colour 


By J. W. BROWN, mo, rrcp 


Regional Cardiologist, City General Hospital, Sheffield; Cardiologist 
Grimsby and Scunthorpe Hospitals and Leicester Thoracic Unit 


and L. M. GERLIS, MB, BS, MRCS, LRCP, 
Assistant Pathologist, Grimsby General Hospital 


ANEW AND REVOLUTIONARY 
METHOD OF PRESENTING 
CLINICAL INFORMATION 


This Visual Atlas of Congenital Heart Disease is presented in the 
new Stereotome format — an innovation in the method of presenting 
medical data. 

A Stereotome is a booklike volume, bound in dark red cloth, 
containing 24 stereoscopic slides in full colour. The Atlas consists 
of 3 volumes (72 slides in all) of congenital heart specimens, plus 
a bound volume of descriptive text by the authors. This authori- 
tative work offers a series of congenital heart anomalies that will 
be of value to those who wish for some knowledge of 
the basic anatomy of such abnormalities, and as a con- 
panion to standard works on congenital heart disea:°. 
THREE STEREOTOMES EACH 
CONTAINING 24 SLIDES plus A 
BOUND VOLUME OF EXPLAN 4- 
TORY TEXT - ALL BOUND IN 
RED LEATHER CLOTH. 

10 gns. the 


Precision viewers available 
from 6 gns. 


Full details of this and other series of stereotomes from 
HARVEY & BLYTHE LITD., 
212 SHAFTESBURY AVENUE, LONDON, WC2 
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% JUST PUBLISHED 


SECOND VOLUME 
REFRESHER COURSE 


GENERAL PRACTITIONERS 


The second collection of Refresher Course articles that 
have been printed in the British Medical Journal has 
now been published in book form. There are sixty 
chapters and each one has been revised and brought 
up-to-date by the authors. 

The widest possible range of articles has been 
specially selected so that the book will be invaluable 
not only to the General Practitioner, but also to 
Specialists who wish to keep themselves informed of 
advances in all fields of Medicine. 

The volume has 570 pages including a most compre- 
hensive index, and is strongly bound in red cloth, 
medium octavo in size. 


Price 26/- including postage. 
A few copies of Volume | are still in stock 


Obtainable from booksellers or you may write to The 
Publishing Manager for descriptive leaflet, or send him 
a remittance for your copy to be posted to you. 


BRITISH MEDICAL ASSOCIATION 
B.M.A. HOUSE : TAVISTOCK SQUARE : LONDON W.C1 
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